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Client/Server Applications

* Client Application
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resources and services Client
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* Optimize location of applications, data and other system
resources
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Database Server Capability

*Relational Database Function

*Stability

*Ease of Use

*Two Interfaces - Native and SQL

*Ease of Management

eIntegration with System i Architecture
—Journaling and commitment control
—System managed access path protection
—Database integrity
—Security

*Most widely used multi-user RDB in the world

DB2 UDB for System i: Best Relational Database in the Marketplace

| i want an © 2006 IBM Corporation

IBM System

Agenda

eIntroduction
*Referential Integrity
*Check Constraints

*Database Triggers

—System Triggers
—SQL Triggers
*Column Level Security

*Two Phase Commit and DRDA Level 2
*Stored Procedures

*SQL Enhancements

*Miscellaneous Enhancements

eSummary

i want an © 2006 IBM Corporation




IBM System SEREEE

What is Referential Integrity?

——
Delete request | |
- | | oetete denied
. DB2 UDB for System i
Customer file Invoices

L 4711
/

4713:4@ 4711
|

\t me Depmdamy
e — Enforce constraint ————

*A capability provided by the database management system to ensure
—logical consistency of data values between files
—validity of data relationships
—robust enforcement of integrity constraints
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RI Concepts

eParent and Dependent files

*Unique key and Primary key constraint
eParent key and Foreign key
*Referential constraint

*Referential integrity

*Referential constraint rules
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Referential Integrity - Example

Customer Master file Invoice file
Parent file Dependent file
1234 4711
2345 1234
4711 4711
3456 2345
CUSTNO 3456
(Parent key)
CUSTNUM
(Foreign key)
oL > ADDPFCST FILE(master) ADDPFCST FILE(invoice)
TYPE(*PRIKEY TYPE(*REFCST)
) CST(name2)
CST(name) KEY (custnum)
KEY(custno) PRNFILE(master) PRNKEY(custno)
UPDRULE(*RESTRICT)
DLTRULE(*CASCADE)
ALTER TABLE master ALTER TABLE invoice
SQL --> ADD CONSTRAINT ADD CONSTRAINT name2
name FOREIGN KEY (custnum)
PRIMARY KEY (custno) REFERENCES master
(custno)

ON DELETE CASCADE
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Referential Integrity - Example

Customer Master file Invoice file
Parent file Dependent file
1234 4711
2345 1234
4711 4711
3456 2345
CUSTNO 3456
(Parent keyN
CUSTNUM

(Foreign key)

R

*Try to add this new row to the Invoice File
*What happens?
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Referential Constraint Rules

e|nsert rule:

—no explicit rules, but insert operations into
Dependent files are checked

*Delete rule:
—RESTRICT
—CASCADE
—SET NULL
—SET DEFAULT
—NO ACTION
*Update rule:
—restrict updates to a Parent key
—RESTRICT
—NO ACTION
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Referential Integrity - Example

Customer Master file Invoice file
Parent file Dependent file
1234 — 4711
2345 1234
4711 4711
3456 2345
CUSTNO 3456

Parent k
(Parent key) CUSTNUM

(Foreign key)

ADDPFCST FILE(master) ADDPFCST FILE(invoice)

TYPE(*PRIKEY) TYPE(*REFCST)

CST(name) CST(name)

KEY(custno) KEY (custnum)
PRNFILE(master)
PRNKEY (custno)
UPDRULE(*RESTRICT)
DLTRULE(*CASCADE)

*Deleting customer 4711 will delete both related invoices
eUpdating 4711 key value is prevented
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Referential Integrity - Requirements

*Basic requirement is:

=Parent key and foreign key must have matching field
attributes

+On Parent file you can create
*one primary key
* multiple unique and parent keys
<Journal requirements
=Restrict rule: journal not required
=Any other rule:

=Parent and Dependent files must be journaled to
the same journal

=Implicit commitment control is started
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General Implementation Considerations

*Referential constraints not allowed for

—System files

—Source files

—Program described files

—Multi-member files
*Maximum of one member for parent or dependent file
°Referential constraints cannot span ASPs

*Maximum of 300 referential constraint relationships
per file (parent or dependent)
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Creating Referential Integrity Constraints

*Native interface:

—Parent and dependent files can be created with
SQL or DDS

—Define constraints through a new Add Physical
File Constraint (ADDPFCST) command

*SQL interface

—Create Parent and Dependent files through
CREATE TABLE

*CREATE TABLE allows constraints definition

=ALTER TABLE can be used to add constraints
to existing tables

*Operations Navigator
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Verifying Constraints

 DB2 UDB for System i implements "Declarative RI"
*  Constraints will be verified:
—at creation time
—when the state goes to established/enabled
—after a file has been restored

For Large Files, this may take some time!

*  Constraints will be enforced
—whenever an |/O operation occurs
=delete from Parent file
=insert into Dependent file
=update on either file
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What is Check Pending Status?

*Condition where some foreign key values do not match any parent
key

*A check pending condition may occur:
—when adding referential constraints to existing files
—after abnormal system failures
—after restoring files at different data levels
—after applying/removing journal changes
*To get out of a Check Pending condition:
—disable the constraint
—remove the check pending condition by
=inserting the required parent records
=removing/changing the dependent records
—enable the constraint

*WRKPFCST - Work with Physical File Constraints ————
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Constraint Management Commands

Display Report
/Width : 142 pay e \

Column..... 1

Control . . ...

Line e LA 2k 3 A
.. ORDER_NUMBER CUSTOMER_NUMBER ORDER_DATE
000001 02020 12312 02/03/1994
000002 02021 12312 04/13/1994
000003 02022 12312 04/25/1994

k*****************ENDOFDATA***********

*Display Check Pending Constraint - DSPCPCST
—displays dependent records with no matching parent key
—constraint must be in disabled state

*Change Physical File Constraint - CHGPFCST
—sets to enabled/disabled state
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iISeries Navigator - Rl Constraint Management (V5R3)
T Edit Check Pending Canstraint ISNAVCPTST.CHK1CST - As400c(Lp01uts) =<
Fie Opfions Actions Rows Hslp
O o5}
The following rovws in table ISNAYCPTST.CHIY do not meet the check condition. You may update or delete the following roves:
DEPARTMENT_ID MANAGER_ID DESCRIPTION
93 -1 <NULL= -
93 -2 &
93 -2 1]
93 -2 a
93 -2 a
93 -2 a
93 -2 a
93 -2 a
a8 -2 a
93 -2 a
93 -2 <hULL=
93 -2 a
a8 -3 a
93 -3 a
93 -3 a foed
93 -3 a
93 -3 a
93 -3 a
] ] a ]
Cormit Rallback: |
IRDWS found: 22 IMude: Chahges under commitrment cortrol
‘ | Want an © 2006 IBM Corporation
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Monitoring Exceptions in Applications

*Applications should handle new error messages and status
codes
*System messages:
—Notify: CPF502D, CPF502E, CPF523B
—Escape: CPF523B, CPF523C
*OPM programs: Mapped to existing error codes
*ILE programs
—ILE RPG
=use indicators at first
=new status code: 01222 and 01022
—ILE COBOL
=file status 9R
—-ILE C
=mapped to existing error numbers
-SQL
=SQLCODEs -530, -531, -532
*SQLSTATEs 23001, 23503, 23504
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Check Constraints
What are they?

RANGE CHECKING
... BETWEEN 0 AND 100
DOMAIN VALIDATION

NEW DATA ... IN(IANY,CA)

Valid Data
New Row

(Business
Rules)

FIELD COMPARISONS
... ORDER < INVENTORY
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Defining Check Constraints

Native CL Interface:

ADDPFCST FILE(Employee) TYPE(*CHKCST)
CST(SalaryChk)
CHKCST(Salary<40000 AND Bonus<=Salary)

SQL Interface (Create Table or Alter Table):
ALTER TABLE Employee
ADD CONSTRAINT SalaryChk
CHECK(Salary<40000 AND Bonus<=Salary)

DB2 UDB for System i locks the table exclusively when adding and
verifying a Check Constraint - verification time will NOT be
measured in seconds for very large tables

= 4 million row table took 5 minutes to verify
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Design Considerations

«Check Condition can contain any expressions or
functions allowed on a SQL WHERE clause with the
following exceptions:

—Cannot reference columns in a different table

—Cannot reference other rows in the table, meaning
the following column functions are not allowed: SUM,
AVERAGE, MIN, MAX, & COUNT

—Subqueries are not allowed

*Check Condition clause can reference more than one
column in the source table
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IBM System

Design Considerations

*Only single member files supported

*A table has a limit of 300 constraints per file (includes RI, Check,
Unique and Primary Key constraints)

*Constraint name has to be unique across all constraint types that
exist in the table's library

*Database does NOT prevent conflicting constraints from being
defined

—CHECK Constraint #1
ORDER_STATUS = 'Open’
—CHECK Constraint #2
ORDER_STATUS <> 'Open’
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*Check Constraints will be enforced on:
—Insert into table with constraints
—Update on table with constraints
—Delete operation on a Parent Table whose
RI Constraint rule is Set Default or Set Null
*New System Message: CPF502F
—Message: Check constraint violation on member TEST1.
°ILE Programs
—ILE RPG: Use indicators, maps to status code 1022
—ILE COBOL: File Status 9W
—ILE C: Mapped to existing error number
*OPM Programs: Mapped to existing error codes
°SQL
—SQLCODE -545
—SQLSTATE 23513

i want an © 2006 IBM Corporation
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Triggers: Introduction

*Triggers are user-written programs
—associated with a physical file

—activated by DB2 UDB for System i before or after
a database change

—independent from applications
—can be developed with any supported compiler
*When do you need triggers?
—to consistently enforce complex business rules
=implement special application requirements
—to monitor critical files
=validate data
—in a client-server environment

i want an © 2006 IBM Corporation
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Triggers: An Example

[——
DB2 UDB for System i

l\ 4711
| | | 5436 ‘.
I\\ 4711

*When a new order is inserted, a trigger is fired

*Trigger retrieves information about order and
customer

*A confirmation fax is automatically sent
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0OS/400 Support for Triggers

*VV4R5 and Prior Releases of OS/400
—External triggers only (aka Native or System triggers)
—Two commands
*ADDPFTRG
*RMVPFTRG

—External triggers can be added or removed from a file using the
Database function in Operations Navigator

—A file can have a total of 6 triggers
—No triggers on catalog files or tables
*V5R1 - Two Types of Triggers
—External Triggers (see above)
=First available with DB2/400 in V3R1
=Originally referred to as Native Triggers
—SQL Triggers
=*New in V5R1

i want an © 2006 IBM Corporation
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V5R1 Trigger Enhancements

*SQL Triggers
—Column level
—Row level
—Statement level
*More than 1 trigger per database event
—maximum 300 per physical file or table
—triggers for same event, fired in the order created
—identified or qualified by Trigger name
*CHGPFTRG command
—disable an active or enabled trigger
—enable an inactive or disabled trigger
*'Read only' Trigger
—use carefully

© 2006 IBM Corporation
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Trigger Concepts

*Four main components for System or SQL Triggers
1. base file
2. trigger event
sinsert
=delete
=update
3. trigger time
=pefore
=after
4. trigger program
*Triggers have record level scope
*Will be activated whenever the event occurs
*Exception: Update triggers
“*ALWAYS
**CHANGE

i want an © 2006 IBM Corporation
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Defining Triggers
*Add or remove triggers by using new CL commands

—ADDPFTRG
—-RMVPFTRG
/ Add Physical File Trigger (ADDPFTRG) \
Type choi ces, press Enter.
Physical file . . . . . . . . . . . . . .. FILE nyfile
Library . . . . . . . . . ..o
nylib
Trigger time . . . . . . . . . . . ... TRGTI ME * BEFORE
Trigger event . . . . . . . . . . . . . .. TRGEVENT * UPDATE
Program. . . . . . . . . . . . . . ... PGM nmypgm
Library . . . . . . . . . . .00
*LI BL
Repl ace trigger . . . . . . . . . . . . .. RPLTRG *NO

\ Trigger update condition . . . . . . . . . . TRGUPDCND * ALWAYS /

*Trigger information will be stored in the file description

eImplications on recompiling, restoring, deleting and
renaming trigger programs
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Activating Triggers

*Triggers become part of the job that activates them

/ Request Program or \
Opt Level

Procedure Li brary St at enent Instruction
QC\VD QYs 0351
QU CVENU Q®sYS 00C1
1 QUI MNDRV QsYs 0455
2 QU MGFLW QsYs 0483
3 QI CVD QYs 03E4
QUOCPP QPDA 0541
QUOMAI N QPDA OFDD
4 QUOCMD QsYS 0176
T4249CI NS ORDENTLI B 136 00D9
QSQROUTE Q®sYSs 02F0
QSQ NS QYs 0100

QDBPUT Q®sYS 0193
\ T4249RADT ORDENTLI B . GET 021D /
*Triggers and applications will share:

—the library list
—the QTEMP library
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Trigger Buffer Fields
Seq Data Type Len Field Description
1 Char 10 Physical file nane
2 Char 10 Physical file Library
3 Char 10 Physical file menber nane
4 Char 1 Trigger event
5 Char 1 Trigger tinme
6 Char 1 Commit |ock |evel
7 Char 3 Reser ved
8 Bi nary 4  CCSID of data
9 Bi nary 4 Rel ative record nunber
10 Char 4 Reser ved
11 Bi nary 4 Original record of fset
12 Bi nary 4 Oiginal record length
13 Bi nary 4 Oiginal record null byte map of fset
14 Bi nary 4 Oiginal record null byte map |l ength
15 Bi nary 4 New record of f set
16 Bi nary 4 New record | ength
17 Bi nary 4 New record null byte map of fset
18 Bi nary 4 New record null byte nmap | ength
19 Char 16 Reserved
20 Char Var Original Record
21 Char Var Oiginal record null byte map
22 Char Var New record
23 Char Var New record null byte map
‘ | Want an . © 2006 IBM Corporation
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Triggers Feedback

*What happens if a trigger ends abnormally??
—The unhandled exception will 'percolate’

Application program Trigger
open file A 0S/400 Module
insertinto A ———— |
QDI.BPUT module do stuff
if insert is OK —1 ]
then go on CPF502B failure

else error handling CPFxxxx

*The originating change will fail
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Triggers and Application Programs

-How can a trigger notify a 'logical failure' to the application?
- Triggers cannot pass parameters back
- An escape message must be sent back so 1/0 will fail
-Use the QMHSNDPM API
- The originating change will fail
- Application will get the CPF502B message
- Escape message is logged in the joblog
Example:

Application - insert an order Trigger - to check credit

open file A 0S/400 Module f ...... dt )

i i _ || if credito

insertinto A QDBPUT module then return

......... e olse

........ CPF5028B send escape

User msg message back

‘ | Want an . © 2006 I1BM Corporation
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Guidelines for Trigger Programs
Operations that are NOT allowed
*Destructive data changes are not allowed if
ALWREPCHG(*NO) is specified
—CANNOT modify the record that fired the trigger, from within
the trigger itself
=1. application updates existing record
=2. UPDATE trigger fires
=3. Trigger tries to update same record
—conflicting operations NOT allowed on the same record
=1. application inserts new record
=2. INSERT trigger fires
=3. Trigger tries to delete new record
—Contents of trigger buffer would be inconsistent with actual
database record
*Commitment control operations
*SQL Connection statements

i want an © 2006 IBM Corporation
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V5R1 SQL Triggers
*Component Definitions
*Examples
| i want an . © 2006 IBM Corporation
IBM System T RE

Trigger Components...

* SQL Trigger Components - V5R1+

Same as 1. Base file or table
system d 2. Trigger name
t .
rlagers 3. Trigger event
L 4. Trigger time
(5. Trigger granularity
How to i ;
work with 6. Transition variables
buffer/when 7. Transition tables
tofire | 8. Trigger mode
whattodo{ 9. Triggered action

i want an © 2006 IBM Corporation
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SQL Trigger Components...

5. Trigger Granularity
= Column level triggers
» Extension of UPDATE trigger event
» Columns listed as part of UPDATE trigger event
«UPDATE OF column_name_1, column_name_2,...
vOnly update of a listed column causes trigger to fire
vIf no columns listed, update to any column causes trigger to fire

= Row level triggers
*FOR EACH ROW
vTriggered action executed for each row satisfying trigger condition
vIf trigger condition never satisfied, triggered action never executed

= Statement level triggers
*FOR EACH STATEMENT
vTriggered action executed only once for the event causing the trigger
to fire regardless of the number of rows processed
vIf trigger condition never satisfied, triggered action executed once at
end of statement processing

» Not valid with Before triggers or Trigger Mode of DB2ROW

IBM System

SQL Trigger Components...

6. Transition Variables
= aka Correlation Variables
= Provides function similar to before and after images in trigger
buffer for external triggers
= Qualification of column names for the single row image
before and/or after the trigger event has completed
*OLD ROW - Before image of row
*NEW ROW - After image of row
*REFERENCING OLD ROW AS oldrow REFERENCING
NEW ROW AS newrow
*...newrow.salary > oldrow.salary + 10000...
= Not valid with Statement level triggers
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SQL Trigger Components...

7. Transition Tables

= Provides function similar to before and after images in trigger
buffer for external triggers

= A single SQL statement can process multiple rows

= Temporary tables that contain the image of all affected rows
before and/or after the trigger event completes

*OLD TABLE - Before image of all affected rows
*NEW TABLE - After image of all affected rows
*REFERENCING OLD TABLE AS oldtbl
*...(SELECT COUNT(*) FROM oldthl)...

= Not valid with Before triggers or Trigger Mode of DB2ZROW
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SQL Trigger Components...

8. Trigger Mode
= MODE DB2ROW
* Trigger fires after each row operation
» Only valid with Row level triggers
 Exclusive function of DB2 UDB for System i
vNot available in other DB2 UDB implementations
= MODE DB2SQL
* Trigger fires after all row operations are complete

«If specified on a row level trigger, triggered action executed N
times after all row operations completed

vN = number of rows processed
*Not as efficient as DB2ROW since each row is processed twice
*Only valid with After triggers

i want an © 2006 IBM Corporation

22



IBM System EEt—

SQL Trigger Components...

9. Triggered Action
= Analogous to trigger program in external triggers
= Three parts
*SET OPTION
vSpecifies the options that will be used to create the trigger
*WHEN
vSearch condition or execution criteria for Trigger Body

vSpecifies when the SQL statements in Trigger Body will be
executed

* SQL Trigger Body
vSingle SQL statement
vMultiple SQL statements delineated with BEGIN and END

i want an © 2006 IBM Corporation
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SQL Trigger Examples

Row Level Trigger with Simple Trigger Body

CREATE TRIGGER audit_spending

AFTER UPDATE ON expenses
REFERENCING NEW ROW AS nw
FOR EACH ROW MODE DB2ROW
WHEN (nw.total_amount > 10000)

INSERT INTO travel_audit

VALUES(nw.empno, nw.deptno, nw.total_amount,
nw.end_date);

i want an © 2006 IBM Corporation
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SQL Trigger Examples ...

Row Level Trigger with Complex Trigger Body

CREATE TRIGGER big_spenders

AFTER INSERT ON expenses

REFERENCING NEW ROW AS n

FOR EACH ROW

MODE DB2ROW

WHEN (n.totalamount > 10000)
BEGIN

DECLARE emplname CHAR(30);

SET emplname = (SELECT Iname FROM employee

WHERE empid = n.empno);
INSERT INTO travel_audit
VALUES(n.empno, emplname, n.deptno, n.totalamount, n.enddate);

END
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Column Level Security
What is it?

Employee — NO

Manager — needs
Update Access

Update Access

© 2006 IBM Corporation
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Column Level Security

SQL statements required:
CREATE TABLE TestTable
(Name CHAR(30), Salary DEC(8,2),
Department CHAR (10))

GRANT SELECT,UPDATE(Name, Department) ON TABLE
Payroll TO Clerk

GRANT SELECT, UPDATE(Name, Department, Salary) ON
TABLE Payroll TO Manager

DSPOBJAUT Test Table
=To show Column Level Authorities
Operations Navigator

No support currently for CL interface:
ssend cards and letters to IBM Rochester
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Application Integration

-System Message Generated is CPD5035
—Message: Not authorized to field COL1 of file TEST1
-SQL Code
-Violations map to existing SQLCODE (-551) SQLSTATE
(42501) for database authority violations
*ILE Programs & OPM Programs
-Violations map to existing error code for database authority
violations
-System messages when system is unable to enforce column
level authorities due to unexpected problems with user profiles,
database file object, or DB2 UDB for System i
—CPF328F - Unsuccessful authority checking
-CPD5030 - User Profile Destroyed
-CPD5032 - User Profile Damage
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Two-Phase COMMIT...

Applications using multiple relational databases
Single Phase COMMIT - Remote Unit of Work

Local Application Remote Systems
TORONTO Database
*Application transaction #1 j 7
CONNECT TO TORONTO
SELECT * FROM EMP-HRS
UPDATE EMP-MSTR
UPDATE DEPT-MSTR
COMMIT

|

*Application transaction #2
CONNECT TO ATLANTA
SELECT * FROM EMP-HRS

UPDATE EMP-MSTR
UPDATE DEPT-MSTR
COMMIT

\

|
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Two-Phase COMMIT...

Applications using multiple relational databases
Two Phase Commit - Distributed Unit of Work; Application directed

Local Application Remote Systems

. N . TORONTO Database
Single Application transaction ;

CONNECT TO TORONTO
SELECT * FROM EMP-HRS
UPDATE EMP-MSTR
UPDATE DEPT-MSTR

|

CONNECT TO ATLANTA
SELECT * FROM EMP-HRS —
UPDATE EMP-MSTR
UPDATE DEPT-MSTR ——

COMMIT

[
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Two-Phase Commit - Concepts and Terminology

*The two phases of Two-Phase Commit

—Phase 1: Are databases ready to commit? Have all database
updates been completed?

—Phase 2: Commit database updates for application transaction
Two Phase Commit - Distributed Unit of Work; Application Directed

Local Application Remote Systems
TORONTO Database

CONNECT TO TORONTO
CONNECT TO ATLANTA
COMMIT

*Phase 1 - Updates completed?
Yes

.

ATLANTA Database

Yes
*Phase 2 - Commit updates
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Stored Procedures... (SP)

What is a Stored Procedure?

*A program stored on a System i
—Languages supported

=SQL
=Command Language (CL)
*RPG
=COBOL
=C and C++
=PL/1
=JAVA
—May contain embedded SQL statements

*Can be local or remote

*Supported via new CALL statement in SQL
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Stored Procedures...

*Improved Client/Server (DRDA) Performance

—Without CALL of stored procedure every executable
SQL statement using DRDA causes a flow from client
application to server

—Each SQL statement is passed to server to perform
SQL function to perform SQL function

Client/Server Application without a Call

) Server
Client App New York

CONNECT TO NEW-YORK

SELECT * INTO SQL

UPDATE EMP-MSTR
UPDATE DEPT-MSTR
COMMIT

i want an © 2006 IBM Corporation

Il




IBM System SEREEE

Stored Procedures...

*Improved Client/Server (DRDA) Performance

—CALL of stored procedure results in a significant reduction
in conversation between client and server

—SQL statements are embedded in (compiled) program on
server resulting in more efficient performance of SQL

Client/Server Application without a Call
. Server

Client App New York
CONNECT TO NEW-YORK ——™™™™™ PROC1
CALL PROC1 SELECT *INTO

(parm1l, parm2) UPDATE EMP-MSTR
UPDATE DEPT-MSTR
COMMIT
‘ | Want an . © 2006 IBM Corporation
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Stored Procedures
Using SQL for Stored Procedures

-Stored Procedures initially supported in V3R1
-No SQL procedure language
-Embedded SQL in a HLL programs like C, COBOL,
RPG allowed.
*V4R2 + - Stored Procedure can be written purely in SQL
—First DB2 Family member to deliver this support
+SQL is a programming language

CREATE PROCEDURE PROC1 (IN Emp# CHAR(4),IN NwLvl INT)
LANGUAGE SQL Procl_Src:
BEGIN
DECLARE CurLvl INT;
SELECT edlevel FROM emptbl INTO CurLvl
WHERE empno=Emp#;
IF NwLvl > CurLvl THEN
UPDATE emptbl SET edlevel=NwLuvl,
salary=salary + (salary*0.05) WHERE empno=Emp#;
END IF;
END
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Agenda

eIntroduction
*Referential Integrity
*Check Constraints

*Database Triggers

—System Triggers
—SQL Triggers
*Column Level Security

*Two Phase Commit and DRDA Level 2
*Stored Procedures

’ *SQL Enhancements
*Miscellaneous Enhancements

eSummary
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Basic Programming Constructs

Program Control Operations within SQL
+CASE
IF
‘FOR
-LOOP
‘REPEAT
-Declaring Variables
Error Handling

i want an © 2006 IBM Corporation
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IF rating=1 FOR loopvar AS
THEN SET price = price * 0.95; loopcursor CURSOR FOR
ELSEIF rating = 2 SELECT firstname, middinit, lasthame FROM emptbl
THEN SET price = price * 0.90; DO
ELSE SET price = price * 0.80; SET fullname=lastname||', ' || firstname||' ' || middinit;
END IF; INSERT INTO namestbl VALUES( fullname );
END FOR;

31



IBM System

SQL Logic Commands

Conditional Logic, Declaration of Variables, Etc
-BEGIN and END
-DECLARE (local variables)
-SET (local variables)
-Comments
-CASE (two forms), END CASE
-IF, THEN, ELSE, END IF
-FOR, END FOR, LOOP, END LOOP
-LEAVE (loop or block)
-REPEAT, END REPEAT
-WHILE, END WHILE
-GET DIAGNOSTICS (SQLCA-like information)

-CALL - SQL procedure, External Procedures like
HLL

—Normal DDL and DML

‘ | Want an . © 2006 I1BM Corporation
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FETCH FIRST n ROWS ONLY Clause

FETCH FIRST n ROWS only clause added for SELECT
statements

-Enables Top N queries

-Allows limiting the size of the result set - particularly useful
for networked ODBC/JDBC clients

-After the Nth row has been fetched, end-of-file
(SQLCODE=100) is returned to the user/application

-To guarantee which FIRST n ROWS are returned - an
ORDER BY clause must be specified.

-If ORDER BY is not specified the FIRST n ROWS will be
unpredictable
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FETCH FIRST n ROWS ONLY Clause

Examples

Query to return top 20 selling products:

SELECT product_item, COUNT(*)
FROM orders

GROUP BY product_item
ORDER BY 2 DESC
FETCH FIRST 20 ROWS ONLY

Query to return the top selling product:

SELECT product_item, COUNT(*)
FROM orders

GROUP BY product_item
ORDER BY 2 DESC
FETCH FIRST ROW ONLY
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JOIN Enhancements

*V5R1 adds new join types for DB2 UDB for System i for more
portable applications

RIGHT OUTER JOIN

RIGHT JOIN
«And removal of minor LEFT OUTER JOIN and INNER JOIN
restrictions

-Allow ORs in the ON clause
~Allow the IS NULL, LIKE and BETWEEN predicate in the ON clause

-Examples:

SELECT tl.cola, t2.colb FROM t1 RIGHT OUTER JOIN t2 ON t1.c1 =t2.c1
SELECT * FROM t1 LEFT JOIN t2 ON t1.c1 > t2.c2 OR t1.c2 > t2.c2
SELECT * FROM t1 LEFT JOIN t2 ON t1.c1 LIKE 'A%
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JOIN Enhancements
Employee Table - EMP Department Table - DEP
NBR| NAM CLS| SEX | DPT | SAL DPT| DNM
20 | Heikki 2 M 901 | 600 901 | Accounts
10 | Ed 5 M 911 | 700 977 | Manufact
50 | Marcela 3 F 911 | 750 911 | Sales
40 | Mike 4 M 977 | 650 990 | Spares
30 |John 5 M 977 | 320
60 [ Frank 2 M 990 | 650
Left Outer Join All from left
Left Inner Join (Inner Join) Only records from left with
matching record in right
Right Outer Join All from right
Right Inner Join Only records from right with
matching record in left
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SQL UNION
*UNIONSs can be included in expressions and derived tables

CREATE VIEW total_sales AS
SELECT COUNT(*), SUM(total_sale) FROM Sales1999
WHERE product_id ='XYZ'

UNION
SELECT COUNT(*), SUM(total_sale) FROM Sales2000
WHERE product_id ='XYZ'

UNION
SELECT COUNT(*), SUM(total_sale) FROM Sales2001
WHERE product_id="XYZ'
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Other SQL Enhancements (V5R3)

*SELECT and INSERT statements

—blocked INSERT
INSERT INTO tablel VALUES (11, TESTING'), (2, ADMINSTRATION?)
—EXCEPT and INTERSECT
(SELECT cusnum FROM orders2003) EXCEPT DISTINCT
(SELECT cusnum FROM orders2004)
(return all rows that are in t1, but not t2)
*Enhancements to Stored Procedures
—scrollable Stored Procedure result sets
—result set consumer control
*Richer SQL function set
—REPLACE, EXTRACT, INSERT,REPEAT, DAYNAME, MONTHNAME,
RIGHT, TIMESTAMP_ISO
SELECT REPLACE('ABCXYZ','/ABC','123") FROM t1
(returns '123XYZ")

‘ i want an . © 2006 IBM Corporation

IBM System

Agenda

eIntroduction
*Referential Integrity
*Check Constraints

*Database Triggers

—System Triggers
—SQL Triggers
*Column Level Security

*Two Phase Commit and DRDA Level 2
*Stored Procedures

*SQL Enhancements

’-Miscellaneous Enhancements

eSummary
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Predictive Query Governor

*Query Governor added in V3R1
Limits amount of time for query execution
—Message issued when time exceeded
=CPA4259: Estimated query processing time &1 exceeds
limit &2
*Decision is made prior to query starting
—lower impact on system resources

*Change Query Attributes (CHGQRYA) command or via
Operations Navigator

—done on job level

*Query optimizer estimates query processing time
—compares with time limit from CHGQRYA command
—makes processing decision
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Predictive Query Governor

*Tip for estimating time limit:
—CHGQRYA - set time limitto O
~STRDBG
—run Query
—Query will not execute

—Low level messages will record optimizer estimate of
time required to process

=access plan creation
—Then set time limit to reasonable value
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Generate SQL - Operations Navigator

-Reverse engineering of DDL for DB2 objects
-Useful in converting object definitions from DDS to SQL

-Not all DDS features can be converted, tool will convert as much

as possible and generate warnings for unconvertable options
(eg, EDTCDE)

-Useful in generating SQL script for creating databases
-Object types supported:

-Tables and physical files (including triggers and constraints)
-Aliases

—Functions & Procedures
-Indexes, Views, & Logical files
-Schemas (collections) and libraries
—Distinct Types
-Can generate SQL for one or multiple objects
<Resulting script can be edited
+APl interface - QSQGNDDL
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Generate SQL for Multiple Objects

Edit list of objects |

Supported objects: Objects to process:
I[5] Ubraries - Name |_Library |_Type I
- {5 vaKEAz34 BMFLOY EE WER1DE Table
[=-{iE] vsR10B

E||I|:| Tables

Rt Sdd -

hEmoE s |

¢ @[ rroJec
fo= T -
| |

Select librares . |

0K I Cancel Help | 7 |
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Generate SQL for Multiple Objects

Generate 50 [x] I

Objects for which to generate SOL:

HName | Library l Type |
W5R108 Library ﬂ
CL_SCHED WSRIDB Table Add
CL_SCHED_IDX WSR1DB Index
DERAP1 \SRIDB Table Rz
DEPARTWENT \SRIDB Table

DEPARTMENT 1D SRIDB Index
Qutput | Options | Format |
% Open in Run SOL Seripts

1 viite 1o file

File type [bmatesesoume tie. =]
Library: T |
Fils name I
Member: I

[ Fopend

Generate | Cancel | Help |7|
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Generated SQL Output

Scripts - 5104dfpm
Bl Git Mew Fun MsualBeplain Qptions  Connection Help

EEr L e T e
Eeamples |

- Generate SOL =
\ersion WSR1MD 010525

- Generated on: 1100 13:48:18

- Relational Database; RCHASPC
Standards Option DEZ UDB ASM00

CREATE TABLE 4R 1D8. BMPLOVEE |
BP0 CHAR(E) CCSID 37 NOT NULL
FIRSTHME WARCHAR(1Z) CCSID 37 NOT NULL
MIDINIT CHAR(T) CCSID 3 NOT NULL,
LASTHAVE VARCHAR(15) CCSID 37 NOT NULL,
WORKDEPT CHAR() CCSI0 37 DEFALLT NULL ,
PHONENO CHAR(4) CCSID 37 DEFAULT NULL ,
HIREDATE DATE DEFAULT NULL
JOB CHAREE) CCSID 37 DEFAULT HULL
EDLEVEL SMALLINT HOT NULL,
SEX CHAR(T) CC3ID 37 DEFAULT NULL
BIRTHDATE DIATE DEFALILT NULL,
SALARY DECIMALE 2) DEFAULT NULL
BONLIS DECIMALE,Z) DEFALILT NULL,
COM DEEC IMAL( 2) DEFAULT NULL, =
FANSTRAINTVARINK DAVS PRI NVEE (N7 PRIMARY KEY

Messages
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Usability: Visual Explain Index Advisor

1400ws(1400ws) |_ 1O ]
File  View Actions Options Help /\
B2 Baao|wms )
1= Attribiute | value
s
Time information {start time, tot...
Timestamp for Creation of Monit..  2002-04-
- Staternent Start Timestamp 2002-04-
[L_D Staternent End Timestamp 2002-04-
i Table Scan Optimization Time, in Milliseconds 13
/ ODP Open Time, in Milliseconds 250
= Total Time, in Microseconds 325728
Nested Loop Jo,n‘_ﬁlﬂi Staternent Open Time, in Micros.. 325728
Staternent Fetch Time, in Micros.. 0
-l g{g) Staternent Close Time, in Micras... 0
Index Scan - Key Positioning Temporary Index
Information about SOL stateme...
x| | Staternent Mumber 14 _I_'l
K| | » 4 r

{ Statement et Optimizer messages
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Usability: Visual Explain Index Advisor
Statistics and Index A -1 T400ws) E

Statistics AdvisofIndex Advisor .

The following indexes are being recommended for creation:

|Create| Table Name | Library | Index Type | Columns

F LINEITEM

Mew Index on Table
Index IINDXSS Library: ITF’EH -

Click to select which columns of the table make up the key. The key position will appear in
the left column. To deselect. click it again.

I TFCH Binary Radix  L_PARTKEY ASCEND

L_DISCOUNT ASCEND

= Encoded vector [nat unique)
Fr Unique
(%lmque where not null

Number of distinct values:

| 0. | Coluran Marme | Type | Len... | Description ;l
1 A L_PARTKEY INTEGER
L_SUPPEEY INTEGER J
L_LIMENUMBER INTEGER
L_QUANTITY DECIMAL 122 \
L_EXTEMDEDFRICE  DECIMAL 122
2 AL L_DISCOUNT DECIMAL
< I
Index type:
" Not unique

oK I Cancel | Help |

122
T80 _,l_l Create

Not specifisd -1
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Database Navigator

-Provides a graphical view of a database and its relationships
-Gives a pictorial representation of a schema in order to:

-Understand an existing complex database schema
—Create a new schema

-Manage objects and relationships in the schema

*Resulting picture is a Database Navigator Map (DNM)
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Database Navigator Map

;_}'_in Untitled* - Database Mavigator - 5104dipm
File ew Options Wep Help

EEH® BAaas Isdra| Al

Search _=| -
for =l =

= | & g

jlm DEPTMENT_E. EMP_PROJEC. CL_SCHED IN_TRAY

=

=

Library Table @

Fe
s I g EMPDEPT EWP_ACT  PROJECT

] Name
[ . PROJECTI &
[v| B3 proJECT

(¥ B3 n_TRaY

v BuiP_PROJE -
P % arien B

[V OO ewr_sacT QSYS DEPTN

[ & BaPLOYEE, DEPARTMENT

[ & BvPLOYEE,

¥ O EMPLm'ij \ // =
1N L2 4 . ) | »IJ
J10a7 21 abjactz in map are visible [CE DERTMENT BMPLOYEE cramted for VORIDB BUPDEFT e
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-Trigger Recognition
<Enhanced Graphics
<Improved Printing

Finding Relations

=

=0 Tables |
Related Objects: | o
i H-f Indexes
3 Tables 11 Fc | - Views
~ H [0 CL_SCHEL
3 Allases EEER S . -0 DEFARTME
@ EMPLOYEE
i Check constraints 7 Pr #-[0 EMPFROJA
@ EMP_PHO
2 Indexes 0 u - [0 EMP_RESL
[ IN_TRA&Y
[Oritied _ Journals 20 Vi | w0 oRG
e
il Triggers —‘l—‘ L Kl

Usability: Enhanced Database Navigator

iim Untitled™ - Database Navigator - Asystem

File Miew Options Map Help

Search for Obj...

MNa ﬁll names =
Type: |All types >
Libr.. [Listoflibraries =

q ’% Search [~ _f-

Ohirrts In Map
Library Tree | Library Table

S,
%—f\g—}’/
. . i

[65 of 65 ohjects in map are visioh |
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Agenda

eIntroduction
*Referential Integrity
*Check Constraints

*Database Triggers

—System Triggers
—SQL Triggers
*Column Level Security

*Stored Procedures

*SQL Enhancements

*Miscellaneous Enhancements

’ *Summary

*Two Phase Commit and DRDA Level 2
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Summary

*New functions of DB2 UDB for System i
*Very powerful
—use where required

—use them carefully

*Explore possible design concerns prior to
implementation
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Summary...
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