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Some Familiar Concepts w new names
— Schema = Library
Table = Physical File
Row = Record
Column = Field
View = Logical File
Index = Access Path

Some New Concepts
— Relational Integrity — no orphan data, such as an order for a customer
that has been deleted from the customer master
— Constraints -
» Unique Key
e Check Constraint

* Foreign Key — value for column must exist in another table, for example the
customer number in the order header must be on the customer master
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EEE New Table

=10l x|
Tahle I Columnsl Hey Constralntsl Foreighn Key Constralntsl Check Cons1ra|r'ﬂs| Partmonmgl
Tahle name: IIN\-"ENTORY LIST

¢ Edit liSt Of SChemaS displayed Schena; [ samPLELE =1
* Create, Delete — schema, table, view, index, e b 1

Itable for getting Star‘ted|

constraint x
e Define column 7 copy column definitions e H ~
* View, insert, delete or change table contents Catatype [cHARACTER =]
Lenigth: I i

i Copy Or move a table Encoding: IDatat\,n'pe defautt ;I
« Edit Authority (Permissions) covoo Tot |
EEE SAMPLELIB.INYENTORY _LIST E jﬁi;};{ 12 :“em —
File Edit Wiew Rows Help 3 |
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New Yiew SAMPLELIB.TES

Create view
Colurnn Mame Type | Descr
ITEM_MNUMEER. CHAR
ITEM_MNAME VARCHAR,
UMIT _COST DECIMAL
QUANTITY _ON... SMALLINT Select Rows
LAST_ORDER_... DATE
CROER_QUAM... SMALLINT Colurmns Operatars Functiohs
1 | | SAMPLELIE IMVEMTORY_LISTITEM_MUMBER + - IAII

. |SAMPLELIBIMNVEMTORY_LIST.ITEM_MAME
SAMPLELIB IMVENTORY _LIST.UMIT_COST
SAMPLELIB IMVENTORY_LIST QUANTITY_OR_HAMC
SAMPLELIB.IMVEMTORY_LIST.LAST_ORDER_DATE
SAMPLELIB. IMVENTORY _LIST.ORDER_QUAMNTITY

ARG
AEEVAL
ACOS
AMTILOG
ASIM
ATAN
ATAMZ
ATAMNH

1] | ] e

T ahle Clavze BIGIMT

SAMPLELIB.INVEMTORY_LIST -
SAMPLELIBINVENTORY LIST "WHERE LAST_ORDER_DATE » CURREMNT DATE - 14 DAY'S

S&MPLELIBINVENTORY_LIST

I T
||

®
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New Yiew LIEBRARY1.LOYWER _COST

: SAMPLELIE
Create view - | { Descri ]
Colurnn Mame Type DLzt ol Calurnn Marme | Type | Desc

over mUItlple ITEM_MNUMEER. CHAR [~ TTEM_NUMEER CHAR

tableS ITEM_NAME VARCHAR SUPFLIER._MUMEER.  CHAR

MIT_COaT DECIMAL
QUANTITY_OM_HAMD  SMALLINT SUPPLIER_COST DECIMAL

LAST_ORDER._DATE DATE
CRDER_QUANTITY SMALLIMT

Select Tables

Select Bows

Summary Bows

<

Show SEL

Edit SOL

T able | Colurnt M ame | D escription | Columi Headings | [Group By
SAaMPLELIB.INVEMTORY_LIST  ITEM_MUMBER

SAMPLELIB.INVEMTORY_LIST  UMIT_COST

LIERARY1.5UPPLIERS SUPPLIER_MUMEER

LIERARY1.5UPPLIERS SUPPLIER_COST
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«  Add Constraint

S Efff iIf‘Id- fE(IdE—td &ff-' &7 Key Constraint Definition - 10.50.0.11{5103433f)

Constraintname: |Q_ALLIANCE_ORDERHDR_ORDNUM_00001
Constrainttype:  Unigue key

[ ]
L Unl ue I< e Colurnn Narme Short Na... | Data Type | Length .| Default¥alue
ORDERMNUMBER ORDMUM | CHARAC. . 15 Mull

o v Check Constraint Definition - 10.50.0.11 (510348 3f)
e Check Constraint | [ s s e 5
Check condition:
PRODUCTGROUP M ¢ 'DAIRY", 'SPICES', 'COMDIMENT' , '"GROCERY", PRODLUCE",

L]
) F B 'CEREAL', PASTA' 'SUNDRY', 'BREADS', 'SANDWICH', 'PREPAID SERVICE', ICE CREAM',
Orel n e ‘WMEATS', 'HOT DRINKS', 'COLD DRIMKS', 'COOKIES', 'CANDY", "SHMACKS', 'S0DA',

‘PREPARED FOODS', 'CHEESE' FROZEN', 'PASTRY")

Foreign Key Constraint Definition - 10.50.0.11(5103483f)

Constraint name:  |@_ALLIANCE_ORDERHDR_CSTHNUM_00001 =l
Parent table

key columns:

Table schema: | ALLIANCE =1 | column Name Shart Ma... | Data Type | Lenath
Tahle name: ||I|:| CUSTOMERMASTER j CLUSTOMERMUME... | CSTMUM | CHARAC.. 15

N —

Caolumn Mame Short Ma... | Data Type | Length ... | DefaultValue
CUSTOMERMUME... | CETNUM | CHARAC.. 15 Mull

Key constraint = q_aALLIANCE_CETMUM_CSTNUM_0.. ~

<
Action upon delete:  |Restrict bt
Action upon update: |Restrict bt
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« Add Trigger —system (ADDPFTRG) or SQL (CREATE TRIGGER...)

* Uses:

Enforce business rules

Validate input data

Generate a unique value for a newly inserted row on a different file

Write to other files for audit trail purposes

Query from other files for cross-referencing purposes

Access system functions

Replicate data to different files to achieve data consistency
* Benefits:

Faster application development.

Global enforcement of business rules.

Easier maintenance.

Improve performance in client/server environment.
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Display Locked Rows of a Table

Current SOL - 10.50.0.11

Reorganize a Table
Mame | Lser ] Mumber | Subsystem ] Current User & S0L Statement

. . OZDASDINIT QUSER 706335 OSERVER CMSRVR
OZDASDINIT QUSER 707916 OSERVER BEROWN Jablog
ls a Cl I I I el l Or a O OZDASOINIT QUSER 707319 QSERVER BEROWN
QUSER 77924 HSERVER BERH ErdJob
OZDASOINIT QUSER 707332 OSERVER BEROWN
OZDASFVSD QUSER 706304 QSERVER Quser o
OZDSTART DSNADS 706791 DSNADS OSNADS !

Work With Joumals E%HQSHVQN Q;LISEH 706300 Q5YSWRE QUSER ;>_V. —

. . - Job: FO7929/Quszer/Qzdasoinit
- Last statement to finish as of 11:28:02 AM
Creating a journal
- Statement CCSID: 13488
- Statement length; 345

Creating a journal receiver _ . sl
zelect * from prod1. hup1 000 left outer join prodl. hup1501 a on plynum = a. henply left outer join

prod].hup1502 b on plynum = b.henply left auter join prod1.hup1503 ¢ on plynum = c.henply left - -
i il Run Yizual Explain

1 1 auter join prod] hup1504 d on plynum = d henply left outer join prod].hup?505 & on plynum =
Addlng a remOte J Oumal &.henply left auter join prod1. hup1506 F an plynum = f.henply

Removing a remote journal
Activating a remote journal [ooe ] teb
Deactivating a remote journal

Displaying journal information
Swapping journal receivers

Starting and stopping a journal
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* Query optimizer
debug messages
— RUN SQL scripts
— Options — include
Debug Messages
in Job Log

— View - JobLog

Run VisualExplain  Monitor | Options  Connection  Help

%Emﬂj Z® © v stoponEror

v Smart Statement Selection
Display Results in Separate Window

v Include Debug Messaoes in Job Log =
Run Statement On Double-Click
DEFER RUM HISTORY

") from alliance. orderdeta . i
Change Query Attributes...

aliance.orderdetail d whe

==
it

October 9, 2008
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4 Job Log - 10.50.0.11

A

/|

BEX

mance and Query Optimization:

File  Wiew

=| o

Opkions

Help

Job: 707612/QUSER/QZDASOINIT

|0 minutes old

M_essgg!a 0]

SOL7IE2
SOL7916
SOL7912
CPI434B
CPI4326
CPI4326
CPI432C
CPI432C
CPI4339
CPI4348
CPI4333
SAL7I3
SOL7918
SOL7IET
SOL7968
QL7953
SOL7I14
50L7953
SOL7S14

] an-:s_sage

1 rows fetched from cursor CRSRO0003.

Curzor CRSR0003 opened.

Blacking used far quern.

OOP created.

== Ending debug meszage for querny .

File ORDERHDR proceszed in join position 2.

File JRDERDTL processed in join position 1.

Al access paths were conzidered for file ORDERHDR.
All access paths were congsidered for file ORDERDTL.

[uery options retieved file QAGQGINI in libran QUSAESYS.

= Crarting optimizer debug meszage far query .

Cluery optionz retrieved file QAQGIMNI in ibrary QUSHESYS.

Q0OF deleted.
Reuzable ODP deleted. Reazon code 11,
PREFARE of statement STk T 0003 completed.

DESCRIBE of prepared statement ST T 0003 completed.

Cursor CRSRO0003 was closed.
ODP not deleted.
Curgor CRSRO007 was clozed.
Q0P not deleted.

Cate sent | Time sent [

10403408
10/03/08
10/08/08
1009408
10/03/08
10/038/08
10/03/08
10/08/08
10/038/028
10/03/08
10/08/08
1009408
10/03/08
10/038/08
10/03/08
10/08/08
10/038/028
10/03/08
10/08/08 09533
10409408 03533

[tems 1 - 21 af 71

03:53:31
03:53:31
03:53:31
02533
03:53:31
03:53:31
03:53:31
03:53:31
03:53:3
03:53:31
03:53:31
02533
03:53:31
03:53:31
03:53:31
03:53:31
03:53:3
03:53:31
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* Explain SQL for functions, stored
procedures, triggers, SQL packages, and

programs (PRTSQLINF)

— Sql statements
— Access paths used

— Command parameters
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 SQL Performance
Monitor (STRDBMON)

— Collect performance

data on a job

— Request analysis
later

October 9, 2008
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e Monito

Z minukes old

i
[
: 2| X & |95
il

| Database: S103483F

Mame | Type | Status

| schema

Creakar | Jobs

1 % orderdetailmanitor Dekailed Ended

ALLIAMCE BER.OWRN FOFIZIQUSEROZDASOINIT

Summary Hesults | Detailed Results ] Extended Detailed Results

Collection period: |
Select zummary queries;

W General summary

I~ Job summary

[~ Operation summary

[ Program summary

v SOL attributes summary
[ lsolation level summary

[ Error summary

112 Select Al Deselact &1

I Statement uze summary

I Dpen summary

I~ Data access summary

I Statement type summary
I Parallel processing summary

v Optimizer summary

Modify Selected Dueries View Results ‘

1, Analyze c

rogramming

I Cancel
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« Change attributes of queries (CHGQRYA

QAQQINI can be unique for a .
job o | L0 - U e

AZDASOINIT atch I

{5

IGNORE__DERIVED_INDEX QQPARM QQVAL  |[QQTEXT i‘
QUERY_TIME_LIMIT e

ASYNC_J0B_LSAGE *DEFALLT [Specifies the ...
OPEN_CURSOR_THRESHOLD CACHE_RESULTS *DEFALLT | For SQE que...
PARALLEL DEGREE COMMITMENT _COMTROL_LO.,, [*DEFALULT |Specifies the ...
FORCE_JOIN_ORDER. *DEFALLT [Specifies that. ..
[GNORE_DERIVED _INDEX *YES Allows S0E o,

IGMORE_LIKE_REDUNDAMNT_S. ., [*DEFALLT |Specifies whe. ..
LIMIT_FREDICATE_OPTIMIZA, ., [*DEFALLT | Indicates tha..,
LOB_LOCATOR_THRESHOLD  [*DEFALLT |Specifies eith..,,
MATERIALIZED _QUERY_TABL... *DEFAULT [This paramet. .,

MATERIALIZED _QUERY_TABL... *DEFALLT [This paramet. .,
< | i MESSAGES_DEBUG *DEFAULT |Specifies whe. ., Y
MORMALIZE_DATA *DEFAULT |Specifies whe. .,

Schema containing g

CPEM_CIURSOR_CLOSE_COUNT [*DEFALLT [Specifies the ...
ALLIANCE J
OPEM_CURSOR._THRESHOLD *DEFALLT |Specifies the ... L]
0k, I Cancel I Help
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« Statistics automatically collected as system resources available

— Cardinality of values _ . _
number of unique or distinct occurrences of a specific value in a single column
or multiple columns of a table

Selectivity . .
how many rows will be selected by any given selection predicate or
combination of predicates.

Frequent values
Top 100 most frequent values of a column (excluding default and NULL values )

and how frequently each value occurs.

Metadata information
total number of rows in the table, indexes that exist over the table, and which
indexes would be useful for implementing the particular query.

Estimate of 10 operation
estimate of the amount of IO operations required to process the table or the
identified index.

 Statistics manager also returns confidence level to query optimizer

October 9, 2008 Alliance Systems & Programming
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Column statistics can only be used by SQL Query Engine (SQE). For

Classic Query Engine (CQE), all statistics are retrieved from indexes.

Indexes are permanent objects updated when changes to underlying table
occur.

Indexes more current than column statistics for constantly changing data,
but require more overhead.

When new indexes become available that are candidate for implementing
query, Optimizer will re-optimize the query

When new or refreshed column statistics are available, the Statistics
Manager will interrogate immediately. Re-optimization will occur only if
the answers are significantly different from before.

Accessing column statistics to answer questions 1s faster than trying to
obtain these answers from indexes.

Finally, column statistics can be used only for query optimization. They
cannot be used for the actual implementation of a query, whereas indexes
can be used for both.

October 9, 2008 Alliance Systems & Programming
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Main WindOW ContainS a query °0% Visual Explain - 10.50.0.11(5103483f)

File Miew Actions Options Help

graph that displays the CEIEECNIC Y § 3F
implementation of an SQL —
statement. Narre of e s

Library of Index Used

b : Mermber of Index Used
- bOth StatIC and dynamlc SQL Long Mame of Table Being Queried Ol
Library of Tahle Being Clueried AL

Statements. Memhber of Table Being Queried ol

Mame of Table Being GQueried ol

SuppOI'tS SELECT, INSERT, s : Estimated Time Information (Sta...
UPDATE, and DELETE. , o Cumuiatoe Tme(ne) '
icons represent different e — Kebional ik

Murnber of Index Entries

operations that occur during Koy Fil Sz

Index Logical Page Size

Aftribuite

1 1 Index Probe Wariahle Key Length
implementation. Fad Al Felis
Cumulative Timeims) 6.872 Linigue

Lower portion shows the SQL cPUCaems) 6672 Nl Koy ar Dues

I Costims) Type of Index

statement being graphed. n

. . . Estimated rows selected and gu...
Click Optimizer Messages tab |« B 2505
tO V-leW de.bug messages ‘Only CPT493838;QE = gfryoppons rgtn.evedﬂle QAGRINIin library ALLIANCE. Hessase et
available if started from Run |0 e o nce
SQL Scripts) CPIUA20 Al sceeas paha ware sansisered for fle ORDERHDR.
. . CPI4326 F@Ie ORDERDTL processed in j_oin posit_i_on1.
Query attrlbutes dlsplayed On CPI4326 File ORDERHDR processed in join position 2.
the right pane. ;

October 9, 2008 Alliance Systems & Programming



rformance and Query Optimization:

- =

L) B

Sttt and Leadershiip

Information about each operation (icon) in the query graph:
— order of operations shown by connecting arrows
— Double arrows indicates parallelism used to process operation
— Crossed lines indicate hash tables were shared
Select icon to view Attributes table in the right pane. Or right-click and select Help.

To view information about the environment, click an icon and then select Display
query environment from the Action menu.

Highlight expensive icons (View menu) — highlights problem areas by processing
time or number of rows.

Statistics and index advisor (Action menu): optimizer can determine if statistics
need to be created or refreshed, or if an index could make the query run faster.

Predicate implementation of the query: Visual explain allows you to view the
implementation of query predicates ( represented by a blue plus sign next to an icon).

Highlight LPG (View menu) - Look Ahead Predicate Generation can minimize the
random [/O costs of a join.

Basic and full information in the graph: (Graph Detail in Options menu)

October 9, 2008 Alliance Systems & Programming
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Query optimization tools: Comparison table

PRTSQLINF STRDBG or File-based monitor Memory -Based Monitor  |Visnal Explain
CHGQERYA

Available without running Only available when the |Onlv available when the  |Only available when the query |Onlv available when the

query (after access plan has |querv is run query is run is run querv is explained

been created)

Displaved for all queriesin  Displaved onlv for those |Displaved only for those  |Displaved only for those Displaved onlv for those

SQL program, whether queries which are queries which are queries which are executed queries that are explained

executed or not executed executed

All information about host | All information about host All information about host
variable implementation the implementation of variables, implementation, variables, implementation, and |variables, implementation,
and values

Available through iSeries™

Information about host Limited mformation about

vahies

Available onlv to SQL

and values

Available to all query

host variables

Available to all query

Available onlv to SQL users

with programs, packages, or jusers (OPNQRYE, users (OPNQEYFE, SQL, |interfaces Navigator Database and

service programs S5QL, QUEEY/400) QUEERY/400) API interface

Messages are printed to Messages is displaved in  |Performance rows are Performance information is Information is displaved

spool file job log written to database table |collected in memory and then  |[visually through iSeries
written to database table Navigator

Easier to tie messages to Difficult to tie messages  Uniquely identifies every  [Repeated query requests are  |Easy to view

query with subqueries or to query with subqueries |query, subquery and summatrized implementation of the query

unions Of uHons materialized view and associated information

October 9, 2008 Alliance Systems & Programming
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gim MAP_DSITXREF_ONLY_DSFILESO1 - Database Navigator - Corp01({Corp01})
File “iew Options Map Help

EEEP BAXRD | I & [A[@ef B

Search for Objects

LIITLE

Mame: I‘\.” names

Visually depict relationships
of database objects on your
system.

right-click Database
Navigator Maps and select
New > Map.

Drag or double click objects
to include in the map

click Database Navigator
Maps to display a list of
existing maps in the right
pane.

Type:

[Table

Schema:

[psFILES DY

=l
Search |

Schema Tahle

Schema Tree

Objects In Map

| Marme

Schema Type

IF B DSITXREF
[ DSINMET
0 DSINMSTY
2 DSINMST2
B DSINMST3
0 DSINMSTS
B DSINMSTS
¥ DSINMSTE
B DSINMSTT
¥ DSINMSTE
W DSINMSTS
B DSINMSTA
00 DSYNDPT
0 DSVNDPTY
¥ DSVNDPT2
# DSVNDPT3
#2 DSVNDPT4
#8 NEWVNDP
5 NEWWNDP2
Fa IBMDSIT_IN...

I —

CORFDATA
DEFILESD1
DSFILESD
DSFILESDT
DSFILESDT
DEFILESD1
DSFILESD
DSFILESDT
DSFILESDT
DEFILESD1
DSFILESD
DSFILESDT
DSFILESDT
DSFILESO1
DSFILESD
DSFILESDT
DSFILESDT
DSFILESO1
DSFILESD
IBMFFRDTA1

Table
Tahble
Wik
Wiew
Yiew
Wiewy
Wik
Wiew
View
Wiewy
Wik
Wiew
Table
View
Wik
Wiew
View
View
Wik
Index

|

DSINMSTE

DSINMETA

&

DSINMST

—
\

&

DENMETS

DS‘\I’NDFT(

DS‘lI'NDFT NBWNDPZ

/ DEYNDPTH

DSINMSTS

DSITR EF '\\

DSINMSTL

i

DENMET2

DSINMSTE

IEMDSIT_IN...

o

|20 of 20 objects in map are visible. f
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» Service Oriented Architecture —a plan or structure for a system
in which the components perform discrete well-defined units of
work for requestors through well-defined interfaces

— Modular— break down complex processes into components, only one
service for each function

Encapsulated— hide complexity of implementation within modules with
well defined interfaces — requester is not concerned about details of how
a service is implemented

Loosely coupled— modules connected by simple interface — no
technology dependence

Composable— modules may be assembled to create other services

Coarse grained—service provides complete business function —
coarseness determined by reusability.

Stateless — each request 1s treated independent from what came before
or what will come next — (does not prohibit passing of state-related
information in parameters)

October 9, 2008 Alliance Systems & Programming
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« Many ‘400’ shops still treat their database like a set of
flat files
— No referential integrity
— Inconsistent data formats

— Fields ‘re-used’ to avoid having to recompile many RPG
programs

— Redundant physical and logical files
— Code around bad data
» Use database mapping and SQL performance monitor
to 1dentify worst offenders in terms of space,
performance, redundancy, etc.

October 9, 2008 Alliance Systems & Programming
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» Use Visual Explain to tune worst offenders
* Turning on referential integrity without
necessary advance work could break too much
* Triggers could be used to

— move toward referential integrity 1n a stepwise
fashion

— provide data services layer for master data

October 9, 2008 Alliance Systems & Programming
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* Processes and tools to ensure data quality across non-
transactional entities of an organization
— Complete — all necessary information included
— Standard formats — ex) phone numbers, dates
— Consistent — no contradictory information

— Avoid Duplication (multiple versions leads to contradictions)
— Accurate — correctly reflects real world
— Data Integrity — no broken relationships

 Partner to SOA

— Data Services Layer avoids needs to duplicate code for
managing data

October 9, 2008 Alliance Systems & Programming
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