| Information Management Software

IBM Informix
Programmer’'s Guide

.......

2003. 03.

© 2002 IBM Corporation



Information Management Software

Agenda

Basic Terminology & Concepts

ESQL programming highlights

= Concurrency Control

Query Optimization

Homepage Supports

2 © 2002 IBM Corporation



| Information Management Software

Basic Terminology & Concepts

.....

-Data Types
-SQL New Functions
-IBM Informix Dynamic Server Terminology

© 2002 IBM Corporation



Information Management Software

Built-in Data Type

IBM Informix Data Types

Character

char

Numeric

Exact

varchar

User-defined Data Type

Large-object

Approximate

l[varchar

Time

byte

decimal/numeric

boolean

text

money

Opaque Data Type

blob

integer/int

Distinct Data Type

clob

smallint

date

int8

datetime

serial

interval

serial8

decimal

float

real
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Built-in Data Types

= CHARACTER

« CHAR (n)
« VARCHAR (m,r)
* LVARCHAR
* BOOLEAN
* NUMERIC
« SMALLINT
« INTEGER / INT8
- FLOAT 1oz
* SMALLFLOAT smallint -(2%5-1) : -32,767 | 215-1: 32,767 2 byte
« DECIMAL (p, .
. MONEY (p(;;)s) integer -(231-1) 2311 4 byte
. SERIAL / SERIALS 1 =2,147,483,647 1 2,147,483,647
int8 -(253-1) 263-1 8 byte (64bit)
10 byte (32bit)
smallfloat 8 4 byte
float 16 8 byte
decimal precision, scale scale
money 32 : (p+4)/2 byte
money ($DBMONEY) : (p+3)/2 byte
: decimal(16,0), money(16,2)
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Built-in Data Types

= TIME
+ DATE
+ DATETIME
* INTERVAL
99.06.04 02.06.04 02.12.31
DBCENTURY P 1999.06.04 1902.06.04 1902.12.31
. F 2099.06.04 2102.06.04 2002.12.31
2002.06.04 C 1999.06.04 2002.06.04 2002.12.31
R 2099.06.04 2002.06.04 2002.12.31
P : past
F : Future
C : Closest
R : Present (Default)
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Built-in Data Types

* LARGE-OBJECTS
+ Simple Large-Objects
« TEXT
« BYTE
* Smart Large-Objects
« BLOB
- CLOB
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Complex Data Types / User Defined Data Types

= Complex Data Types

» Collection Data Types
« SET
* MULTISET
e LIST

* Row Data Types
* Named row types
* Unnamed row types

= User-Defined Data Types
» Distinct Types
* Opaque Types
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SQL New Functions

= CASE WHEN condition1l THEN resultl
WHEN condition2 THEN result2
ELSE resultn

END
* NVL(valuel, value2)
: CASE valuel
WHEN null THEN value2
ELSE valuel
END

= DECODE(valuel, value2, value3, value4, ... valuen)
: CASE valuel
WHEN value2 THEN value3

ELSE valuen
END
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SQL New Functions

= TO_DATE(string, [,fmt])
= TO _CHAR(date, [,fmt] )

format
%Y 4

%m

%B (January, February, March, April, ...)
%d
%A (Monday, Tuesday, Wednesday, ...)
%R 24

%H 24

%M
%S
%Fn n

10 © 2002 IBM Corporation




Information Management Software

SQL New Functions

= TRIM( { LEADING | TRAILING | BOTH } trim_expr FROM source_expr )
= TRIM(source_expr) = TRIM( TRAILING * ' FROM source_expr)

= LPAD ( string, length, [,pad] )
= RPAD ( string, length, [,pad] )

* UPPER
= LOWER
* INITCAP

14
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SQL New Functions

= REPLACE ( string, old [,new] )

= SUBSTR(string,start [,length] )
start : Positive - Counts forward
Negative - Counts backward
0 - equivalent to 1

= SUBSTRING(string FROM start [FOR length] )
Start : Positive - Counts forward
Negative — Counts backward from one position before the first character
0 - counts from one position before the first character
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IBM Informix Dynamic Server Terminology

= Chunk
= Page
* Extent
= Tblspace
= Dbspace
= Blobspace Page Header
» Smart blobspace page_id |timestamp|num_slots| pg_type | free_ptr | free_cnt
P () ) ® | @ | @& | @
next prev
4 4
Raw device “) ()
—
Page
Piece of Raw device Table extent index extent [T [ | timestamp (4)
Page O | Page 1 Page O | Page 1 slot table
hunk 2 bitmap | data bitmap | index
Page 2 | Page 3 Page 2 | Page 3 RowOffset| RowSize
Cooked device data data index index (2) 2
— Page 4 | Page 5 Page 4 | Page 5
3 reminder| blob index free
Page 6 | Page 7 Page 6 | Page 7
free free free free

1B

© 2002 IBM Corporation



Information Management Software

Logical Concepts / Physical Concepts

= Logical Concepts ,«:j.‘

create database exampleldb; ’ :
create database example2db in dbspacel;

exampleldb example2db

create table first_table ( first table
tab_id int, - =
name char(20) ,.,,
address char(50)

),

create table second_table (..,
tab_id int, ’
name char(20) ,
address char(50)

) in dbspace2 ;

= Physical Concepts
create table first_table (

tab_id int,
name char(20) ,
address char(50)

) extent size 32 next size 16 ;
create table second_table (

first_table page

-:.'.-:.§ second_table page

tab _id int ,
name char(20) ,
address char(50) . other table page

) extent size 16 next size 8 ;

page size = 2k
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Data Page monitoring

CREATE TABLE monitoring (coll SERIAL, col2 CHAR(2000));
CREATE TABLE dummy (coll INT);

" 8 )

INSERT INTO monitoring VALUES (0,'data");

ALTER TABLE monitoring ADD col3 INT;

" 1)

INSERT INTO monitoring VALUES (0,'data");

Monitor
oncheck —pT stores_demo:monitoring
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Index Page
* Unique
» Duplicate
+ Composite
* Cluster
410 |
i / 394
_ > 391 |
« CREATE [ UNIQUE ] [ CLUSTER ] INDEX index_name 387 387 T
ON table_name ( column_name_list ) [ IN dbspace ] ; 297 |-
> 293
. 292 \\ 592 — | 292 — DATA
« ALTER INDEX index_name TO CLUSTER ; 89 |- 97
* RENAME INDEX old_index_name TO new_index_name ; \ 95
89 |-+
. 72 |~
. 64
* DROP INDEX index_name ; 23 A
Root node  Branch node Leaf node
. ' 414
. 414 / 378
378 > ~
292 292 |
+
150
. 88 | | 88
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Index Page
. (Unique index)
* Key-only
. Disk Space Costs Processing Time Costs
S (non-fragment table : 4
«.DML = ———T—— E ttable : 4 + 4
DML S ragpent tale ) data | |index
data |* | index
> EE !
update
Slot(4) Delete Flag(1) delete
. insert
‘ , Cost of Indexing
« Composite
* Cluster
. update, delete, insert disable
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Overview
= ESQL/C
« C sql
tool
+ ESQL/C component preprocessor ESQL/C code C code C compiler
= ESQL/C
+ ESQL/C preprocessor C code SQL “@” “EXEC SQL”
+ SQL .
* SQL (host )
. C WAV A
= ESQL/C
« esql [-e] [preprocessor ] [cc ]1[-0 ] ec[ ]
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Overview

= include myfile.ec
‘ - _ # include <stdio.h>
* SINFORMIXDIR/incl/esq EXEC SQL include pgm_ global h;
* /Jusr/include EXEC SQL “filename” s

main ()

. preprocessor {
« define, undef
- ifdef, elseif, else, endif, ifndef }

EXEC SQL define USERTRANSACTIONS;
EXEC SQL ifdef USERTRANSACTIONS;
EXEC SQL begin work;

EXEC SQL endif;

L]

&

~
y

pam_global.h

EXEC SQL include sqlca;

EXEC SQL begin declare section;
int customer_num;

long drop_date;

EXEC SQL end declare section;
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Host variables

. : SQL C

SQL

$ CHAR *d $ extern short StockNumsS ;
esc;

- EXEC SQL

EXEC SQL begin declare section; ;ugglljg e StockNums -
char *desc; '
EXEC SQL end declare section; ${
. $ long StockNums ;
« SQL .
EXEC SQL update customer set zipcode = :zipcode ; $1}
« C

gets (dbname);
EXEC SQL database :dbname;

func2()

) {
external static local $ insert into stock ...

values ($StockNumS);

}.
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Database Connections

= ESQL/C
+ CONNECT TO
+ DISCONNECT ALL
= CONNECT
« Connection
*  EXEC SQL CONNECT TO ‘stores@munish’ AS ‘munich_con’ ;
« User
*« EXEC SQL CONNECT TO ‘stores@munish’ USER :uid USING :passwd ;
Default ( )
+ EXEC SQL CONNECT TO DEFAULT ;
* Default
v DATABASE
v CREATE DATABASE
v START DATABASE

. (switching)

EXEC SQL SET CONNECTION ‘munish_con’ ;
EXEC SQL SET CONNECTION :connect_id ;
EXEC SQL SET CONNECTION DEFAULT;

. (disconnecting)
. connection
EXEC SQL DISCONNECT :connect_id ;
EXEC SQL DISCONNECT CURRENT ;
EXEC SQL DISCONNECT DEFAULT ;
EXEC SQL DISCONNECT ALL ;
default connect connection DEFAULT
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Error Handling

= SQL SQLCA feedback
* errors
« performance struct sqlca_s {
* warnings long sqlcode ;
= SQLCODE sglca.sqlcode char sqlerrm[72] ;
« SQLCODE <0 char sqlerrp[8] ;
« SQLCODE=0: long sqlerrd[6] ;
+ SQLCODE = 100 : SQLNOTFOUND, struct sqlcaw_s {
« SQLCODE = 1~99 : Dynamic SQL char sqglwarnO ;
. char sglwarnO ;
. char sqglwarnO ;
. soL rgetmsg, rgetimsg . char sqwarno -
char sglwarnO ;
’ char sglwarnO ;
’ ’ . char sglwarnO ;
’ ’ (warning) char sglwarnO ;
’ ) } sqglwarn ;
" exceptlon };
* WHENEVER exception action extern struct sqglca_s sqlca;
« exception : NOT FOUND, SQLWARNING, SQLERROR

« action : GO TO label, CALL function, STOP, CONTINUE
. action CONTINUE

WHENEVER scope global
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Error Handling

= GET DIAGNOSTICS
* GET DIAGNOSTICS SQL exception , ANSI  X/OPEN
SQLCA

« SQLSTATE

*  GET DIAGNOSTICS

«  GET DIAGNOSTICS EXCEPTION
GET DIAGNOSTICS

* MORE : exception

* NUMBER : exception

* ROW_COUNT : SQL
EXCEPTION
RETURNED_SQLSTATE
SERVER_NAME
CONNECTION_NAME

CLASS_ORIGIN
SQLSTATE
C|C|S|S]|S
T T ;i 00
01 ( )
subclass code 02

— class code —p >02, IX
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Error Handling

= |ndicator
. Exception
NULL fetch

:host :indicator
$host $indicator
:host INDICATOR indicator (ANSI )

ship_instruct char(40)

ship_instruct instruct_ind
NULL -1
ship_instruct instruct_ind
ring bell, kick 40
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Prepare, Execute

Prepare / Execute
PREPARE prepare_statement_id FROM { “quoted_string” | :host_variable } ;
EXECUTE prepare_statement_id [ USING :host_variables ] ;

SQL
EXEC SQL insert into customer (customer_num, fname, Iname, company)
values (0, :fname, :Iname, ‘MPS Corp’);
EXEC SQL insert into items values (:itemsrec);
itemsrec items structure

PREPARE / EXECUTE
EXEC SQL PREPARE ins_p from
“insert into customer (customer_num, fname, Iname, company)
values (0,2,2,7)" ;
EXEC SQL EXECUTE ins_p using :fname, :Iname, :company;

* PREPARE
* PREPARE SQL parsing query plan
+ EXECUTE
. DML PREPARE query plan
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cursor
= Cursor
« Cursor select row marker
. row select
e Cursor

« Select cursor
v Scroll cursor
v" Non-scroll cursor
v For update cursor
* Insert cursor

Scroll cursor Non-Scroll cursor For Update cursor

A

Previous

D

. Z Next . Z Next . Z Next

27 © 2002 IBM Corporation




Information Management Software

Scroll Cursor

+ DECLARE

DECLARE cursor_id SCROLL CURSOR [WITH HOLD] FOR select_stmt ;
« OPEN

OPEN cursor_id ;
« FETCH

FETCH [position] cursor_id [INTO host_variable_list] ;

Position : FIRST, LAST, CURRENT, NEXT, PREVIOUS, ABSOLUTE n, RELATIVE n

FIRST —p
€—NEXT
<— CURRENT
<4—pPREVIOUS
« ABSOLUTE 5
LAST —p> < RELATIVE +3
« CLOSE
CLOSE cursor_id ;
« FREE

FREE cursor_id ;
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Scroll Cursor

= WITH HOLD
* WITH HOLD transaction close
» Fetch Buffer Size declare cursor declare cursor with hold
. : export FET_BUF_SIZE=30000 open open
. : EXEC SQL include sqlhdr ; begin work pegln work
FetBufSize=30000 ; 3 _ - _
commit work; commit work;
= Deferred Prepare f?td{ f?tCh
: : export IFX_DEFERRED_PREPARE=1 (enable) | =°°° font
export IFX_DEFERRED_PREPARE=0 (disable) ree ee
*« SQL : EXEC SQL set deferred_prepare ;

EXEC SQL set deferred_prepare enabled ;
EXEC SQL set deferred_prepare disabled ;

Open-Fetch-Close
. : export OPTOFC=1 (enable)
export OPTOFC=0 (disable)

= Autofree
. : export IFX_AUTOFREE=1 (enable)
export IFX_AUTOFREE=0 (disable) EXEC SQL free stmt_id; || EXEC SQL set autofree;
« SQL : EXEC SQL set autofree; Q % O '

EXEC SQL close cur_id; :
EXEC SQL free cur_id; EXEC SQL close cur_id;

EXEC SQL set autofree enabled ;
EXEC SQL set autofree disabled ;
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For Update Cursor

« DECLARE

DECLARE cursor_id CURSOR [WITH HOLD] FOR select_stmt FOR UPDATE ;

« OPEN

OPEN cursor_id ;
« FETCH

FETCH cursor_id [INTO host_variable_list] ;
+ UPDATE

UPDATE ... WHERE CURRENT OF cursor_id ;
+ CLOSE

CLOSE cursor_id ;
+ FREE

FREE cursor_id ;

display update
fetch row X row x X2y

Userl ¢ v v .
User2 4 4

fetch row x  update
X212

No Lock Used

30

decide to change x ,
place an update lock on x

display update
fetch row X row x X2y
T Vo
User2 A

try to update x 2 z
but, get a lock error !

Using For Update Cursor

© 2002 IBM Corporation
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Insert Cursor

+ DECLARE

DECLARE cursor_id CURSOR FOR insert_stmt ;
« OPEN

OPEN cursor_id ;
« PUT

PUT cursor_id [ FROM host_variable_list ] ;
* FLUSH

FLUSH cursor _id ;
+ CLOSE

CLOSE cursor_id ;
+ FREE

FREE cursor_id ;
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Concurrency Control

-Isolation
-Lock
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Isolation — Read Concurrency Control

33

= ANSI SQL-92 Transaction Isolation (SET TRANSACTION)

Read Uncommitted
Read Committed
Repeatable Read
Serializable Read

= Informix Isolation (SET ISOLATION)

Dirty Read

Committed Read
Cursor Stability
Repeatable Read

ANSI
access mode

non-ANSI

SET ISOLATION

= Access Mode

SET TRANSACTION READ WRITE ;
SET TRANSACTION READ ONLY ;

ANSI Levels

SET TRANSACTION

SET ISOLATION

Read Uncommitted

READ UNCOMMITTED

DIRTY READ

Read Committed

READ COMMITTED

COMMITTED READ

N/A N/A CURSOR STABILITY
Repeatable Read REPEATABLE READ REPEATABLE READ
Serializable SERIALIZABLE REPEATABLE READ
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Isolation — Read Concurrency Control

* Read Uncommitted / Dirty Read Dirty Read | server
« SET TRANSACTION ISOLATION LEVEL READ UNCOMMITTED ; process
« SET ISOLATION TO DIRTY READ ; lock check
_ _ ——w ] Data
» Read Committed / Committed Read
« SET TRANSACTION ISOLATION LEVEL READ COMMITTED ; Committed
« SET ISOLATION TO COMMITTED READ ; Read [ Server
process
. i lock
Cursor Stability . — e
« SET ISOLATION TO CURSOR STABILITY ;
= Serializable / Repeatable (s:gtiicl)ir server
« SET TRANSACTION ISOLATION LEVEL SERIALIZABLE ; by process
« SET TRANSACTION ISOLATION LEVEL REPEATABLE READ ; fetch row
« SET ISOLATION TO REPEATABLE READ ; Lock : row fetch
Repeatable
Read . server
Process
W | row lock

34 © 2002 IBM Corporation




Information Management Software

Lock — Update Concurrency Control

= Lock
« Database
Table

Page
Key es_de

DATABASE stores_demo EXCLUSIVE ;

LOCK TABLE customer IN SHARE MODE; <«ELECT

—customer— «@\ INSERT
es_dem: DELETE
1 S — UPDATE

LOCK TABLE orders IN EXCLUSIVE MODE; |orders 3 <—(QSE-ECT

DIRTY READ

M Ry—\

row page
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Lock — Update Concurrency Control

= Lock
« Shared Lock
« Exclusive Lock
* Update Lock

= Lock
« SET LOCK MODE TO NOT WAIT;
« SET LOCK MODE TO WAIT 20;
« SET LOCK MODE TO WAIT;
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Lock — Update Concurrency Control

» Retain Update Lock
« SET ISOLATION TO DIRTY READ RETAIN UPDATE LOCKS;
« SET ISOLATION TO COMMITTED READ RETAIN UPDATE LOCKS;
« SET ISOLATION TO CURSOR STABILITY RETAIN UPDATE LOCKS;

DR, CR, CS
DR,CR,CS RETAIN UPDATE

DR CR CS

U DRU [ |CRU CSu FOR
U UPDATE

DR CR CS

\ 4 v v v

= Key value locking

. update,delete,insert Key locking
key value rowid delete flag
0 : Not deleted
1 : Deleted

37
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Query Optimization

-Cost Based Query Optimizer
-Explain

-Directives

-Update Statistics
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Cost-based Query Optimizer

= Query Plan
* Optimizer access plan join plan

= Access Plan

. (selectivity)
- filter
- ORDER BY / GROUP BY

. access
- sequentially
- by an index

= Join Plan

. join

. I/0 CPU cost

. (cost . expensive) plan
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Explain - Viewing the Query Plan

= Query plan
« SET EXPLAIN { ON | OFF };

= EXPLAIN ON SQL query plan
. (estimate cost)

« access method / join method

= Explain
* UNIX : ${PWD}/sqexplain.out ${HOME}/sqexplain.out
* NT : %INFORMIXDIR%\sgexpln\username.out
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Explain - examples

= Sequential Scan with Temporary Table
= Sequential Scan with Filter
= Key-only Index Scan
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Explain - examples

= Index Scan with Lower Index Filter
* Index Scan with Lower and Upper Index Filters
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Explain - examples

= Dynamic Hash Join
= Key-First Index Scan
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Directives

= SQL optimizing optimizer directives
» Positive Directives
* Negative Directives

= Optimizer Directives
« Access method directives
« Join order directives
« Join method directives
« Optimization goal directives
* Explain diretivies

= SQL comment + directives
+ —-+ directives
« {+ directives }
« [*+ directives */
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Directives

= Access Method Directives
« INDEX
« AVOID_INDEX
« FULL
« AVOID_FULL

—— INDEX ( )

—— AVOID_INDEX (

— FULL

— AVOID_FULL (

: table, synonym, alias

© 2002 IBM Corporation
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Directives

= Join Method Directives
« USE_NL
« AVOID_NL
« USE_HASH
« AVOID_HASH

—1 USE_NL (
——AVOID NL ——— :
-~ USE_HASH ( C
—— AVOID HASH —— —— /BULD ——

—— [/PROBE —

© 2002 IBM Corporation
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Directives

= Join Order Directives
« ORDERED

= Optimization Goal Directives
« FIRST_ROWS
* ALL_ROWS (default)

= Explain Directives
« EXPLAIN
« EXPLAIN AVOID_EXECUTE
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Update Statistics

= UPDATE STATISTICS

UPDATE STATISTICS [ LOW | MEDIUM | HIGH ] ;
UPDATE STATISTICS [ LOW | MEDIUM | HIGH ] FOR TABLE [ table_name ] ;

UPDATE STATISTICS [ LOW | MEDIUM | HIGH ] FOR TABLE table_name ( column_name ) ;
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Update Statistics Guideline

= LOW
= LOW
1. MEDIUM , distribution only
2. HIGH
3. Multi-column
4, LOW
HIGH
. UPDATE STATISTICS
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http://www.ibm.com/kr/informix

. stored procedure.
= PHP —439

= JDBC application

. lock

= dbspace sysmaster query

. extent

* unique duplication
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