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Oracle offers many data loading Options. Which of
the following options should you choice to achieve a
high performance loads?
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. Data Loading Best Practices

External Tables

— Allows flat file to be accessed via SQL PL/SQL as if it was a table

—~Enables complex data transformations &
Pre-processing

— Ability to specify a program that the access driver will execute to read the data
e Specify gunzip to decompress a .gzip file 7
— Size versus speed trade-off

Direct Path in parallel

— Bypasses buffer cache and writes data directly to disk via multi-block async 10
— Use parallel to speed up load
— Remember to use Alter session enable parallel DML

Range Partitioning
— Enables partition exchange loads

Data Compression
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. Why External tables and not SQL Loader?

Full usage of SQL capabilities directly on the data
Automatic use of parallel capabilities (just like a table)
No need to stage the data again

Better allocation of space when storing data

— High watermark brokering

— AUTOALLOCATE tablespace will trim extents after the load
Interesting capabillities like

— The usage of data pump
— The usage of pre-processing
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. Preparing the raw data

* Typically, Oracle automatically divides up the files to be
loaded in 10MB granules
— True for position-able and seek-able files
— Exceptions are compressed files, data read from a pipe or a tape

e If no granules can be created then parallelism-per-file
— Manual granules (multiple input files) must be used
— The number of files determines the maximum DOP

« General rules of thumb

— If using multiple files keep them similar in size

— If files sizes vary significantly, list them largest to smallest in the
external table definition
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. Pre-Processing in an External Table

e New functionality in 11.1.0.7 and 10.2.0.5

 Allows flat files to be processed automatically during load
— Decompression of large file zipped files

*Preeprocessing doesno6t support au

— Need to supply multiple data files - number of files will
determine DOP

 Need to GRANT READ, EXECUTE privileges directories

CREATE TABLE sales_external ( e)
ORGANIZATION EXTERNAL
( TYPE ORACLE _LOADER
DEFAULT DIRECTORY data dir 1
ACCESS PARAMETERS
(RECORDS DELIMITED BY NEWLINE
PREPROCESSORxec dir : zrat '
FIELDS TERMINATED BY |

)
LOCATI ON ( é)

] ) ORACLE



. Direct Path Load

« Data is written directly to the database storage using multiple blocks
per I/O request using asynchronous writes

« A CTAS command always uses direct path

e An Insert As Select (IAS) needs an APPEND hint to go direct
—~ Dondot forget to COMMI T after | oading

INSERT /*+ APPEND */

INTO sales PARTITION(p2)
SELECT *
FROMext tab for sales data ;

* Only one direct path ope@#enmmcan occur on an object
— By specifying a specific partition name in the table you can do multiple

concurrent direct Eath loads into a table



. Parallel Load

* Ensure direct path loads go parallel
— Specify parallel degree either with hint or on both tables
— Enable parallelism by issuing alter session command
 CTAS will go parallel automatically when DOP is
specified
— Remember that the DOP for creation is also the DOP for
further query processing

* |AS will not 1 it needs parallel DML to be enabled

ALTER SESSION ENABLE PARALLEL DML;
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. Data Loading in Parallel into Partitioned
tables

« Use external tables and a direct path loading technique
— Allows for real parallel DML statements with full SQL capabilities

* Minimum of 4GB of memory per CPU core
— Ensures each parallel process can get enough memory

« Use AutoAllocate tablespaces (No Uniform extents)
~-Prevent Aholeso appearing i n Yy

« Set large initial and next extents (8MB)

— Prevent the partitioned table from having to many extents which
impacts scan rates

« Use multiple tablespaces for partitioned tables
— Prevent parallel processes from contending for single file header
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. Best Practices for Data Warehousing

3 Ps - Power, Partitioning, Parallelism

« Power 1 A Balanced Hardware Configuration
— Weakest link defines the throughput
« Partition larger tables or fact tables

— Facilitates data load, data elimination and join performance
— Enables easier Information Lifecycle Management

» Parallel Execution should be used

— Instead of one process doing all the work multiple processes
working concurrently on smaller units

—-Parallel degree should be power of 2

LV

2 Goal is to minimize the amount of data
7% accessed and use the most efficient joins

-_m_
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. Balanced Configuration

NThe weakest | i nko defi nes

CPU Quantity and Speed dictate )
number of HBAs
capacity of interconnect

J
HBA Quantity and Speed dictate )
number of Disk Controllers
Speed and quantity of switches

— p q Yy )

%_LA . P S |

FC e hl FCaiioho Controllers Quantity and Speed dictate

number of Disks
Speed and quantity of switches

|

3 = 3 = 3 = 3 3 Disk Quantity and Speed
Disk Disk Disk Disk Disk Disk Disk Disk
Array 1 Array 2 Array 3 Array 4 Array 5 Array 6 Array 7 Array 8
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. Partitioning = |

* First level partitioning |
— Goal to enable partitioning pruning and simplify data management
— Most typical Range or interval partitioning on date column

— How do you decide partitioning strategy?
* What range of data do the queries touch - a quarter, a year?

« Consider the data loading frequency
— Is an incremental load required?
— How much data is involved, a day, a week, a month?

e Second level of partitioning
— Goal allow for multi-level pruning and improve join performance
— Most typical hash or list

— How do you decide partitioning strategy?
» Select the dimension queried most frequently on the fact table OR
* Pick the common join column
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Partition Pruning

Q: What was the total Sales Table

sales for the year  SALES Q3 1998
19997 _
| | SALES Q4 1998
SELECT sum(s.amount_sold ) Ilﬁ SALES_Q1_1999
FROMsales s
- Ilﬁ SALES Q2 1999
WHEREs.time_id ~ BETWEEN
AND
to_date ( ®1- JAN-200006 , 6 DMIONY Y Y Y:6 ) Ilﬁ | SALES Q4 1999
\ | SALES_Q1_2000

Only the 4 relevant partitions are accessed
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Monitoring Partition Pruning
Static Pruning

e Sample plan

zelect sum(amount_sold) FROM sh,=ales =, sh,times t WHERE s.time_id =
t,time_id AND =,time_id between TO_DATEL'01-JAN-1933' ., 'DO-HOM-Yyyy' )
and TO_DATES 'O1-JAN-2000" , ' ID-HOM-%Y ' )

Flan hash walue: 2025449199

| Id | Operation | Mame | Rows | Bytes | Cost (RCPUYI Time | Pstart! Pstop |
| o | SELECT STATEMENT | | | | 3 (00| | | |
| 11 SORT AGGREGATE I | 11 12 | | | I
| 21 PARTITIOW RAMGE ITERATORI | 313 | 3756 | 20y ool = 13 |
[* 3| THELE ACCESS FULL | SALES | 313 | 3756 | 20y ool = 13 |I

Predicate Information (identified by operation id):

2 - filter("S","TIHE_ID"<=TO_DATE(" 2000-01-01 00300300, 'syyyy-mm—dd hh24imiiss'))

22 rowz selected,
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. Numbering of Partitions

* An execution plan show —
partition numbers for static Sub-part 1
pruning
— Partition numbers used can

be relative and/or absolute

ORACLE
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. Monitoring Partition Pruning

Static Pruning

« Simple Query : SELECT COUNT(*)
FROM RHP_TAB
WHERE CUST_ID = 9255

AND 200B-0AE10! ; D

* Why do we see so many numbers in the Pstart /

Pstop columns for such a simple query?

range
partition #

| Iq. | Operation | Mame | Rows | Bytes | Cost [ECPUII Time | Pstart| Pstop
A

[ 0 | SELECT STATEMENT | | | | 5 (10071 |

[ 1 | SORT AGGREGATE | | 11 13 | | |

[ 21 PRARTITION EAMGE SIMGLEI | 1 | 13 | 5 0 ool |

[ 31 PARTITION HASH STIMGLE| | 11 13 | 5 (03] oozo0ol |

[* 4 | TRELE ACCESS FULL | EHP_TAR | 1 | 13 | 5 0 ool | 1

Sub-
partition #

Predicate Information (identified by operation id):

4 - filter(("CUST_ID"=9255 AND "TIME_ID"=TO_DATE(' 2008-01-01 000000, " syyyy-nm-dd
hh2d:mizss' 100

Overall
partition #
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. Monitoring Partition Pruning

Dynamic Partition Pruning

e Advanced Pruning mechanism for complex gueries

* Recursive statement evaluates the relevant partitions at
runtime
~-Look for the word OKEYO®O i

“Sales Table

SELECT sum(amount_sold)
FROM sales s, times t

WHERE t.time_id = s.time_id -

AND t.calendar_month_desc IN fimes Table

( 6 MAR , 6 AFOR 6 ALKY) ;

Jan 2004

Feb 2004

Mar 2004

Apr 2004

May 2004

June 2004

Jul 2004
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Monitoring Partition Pruning
Dynamic Partition Pruning

e Sample plan

zelect sumfamount_sold) From sales s, times t where t,time_id =
g, bime_id and t,calendar_month_desc in
[ MAR-2004 ", 'APR-2004 ", 'HAY-2004 ")

Flan hash walue: 1300851517

| Id | Operation | Mame | Rows | Bytes | Cost (ECPUDI Time | Pstart!| Pstop |
[ O | SELECT STATEMENT [ | [ I 13 (10071 [ | [
[ 11 SORT AGGREGATE [ | 11 28 1 [ [ | [
[ 21 HWESTED LOOQPS [ | 21 BE | 13 (031 000001 | | [
[* 31 THELE ACCESS FILL | TIMES | 21 3z | 12 (811 ooz00:01 | |
[ 41 PARTITION RAMGE ITERATORI | 2 24 oo (07 KEY | KEY

[* & | TRBELE ACCESS FILL | SALES | 2 | 24 | o (0l KEY | KEY

Predicate Information (identified by operation id):

3 - filter{("T", "CALENDAR_MONTH_DESC"='APR-2004"' OR "T","CALENDAR_MOWTH_DESC"='HAR-2004 "
OF "T","CALEWDAR_MONTH_DESC"="HMAY-2004'3)
5 - filter{"T","TIME_ID"="5","TIME_ID"}

i

26 rows selected,
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. Partition Wise join
- SELECT sum(amount_sold )

FROM sales s, customer C
Customer WHERE s. cust_id =c.cust_id

Hash k
Partitioned

Range
partition
May 18th

L D]
1 WS D

LN D e
L D

A large join is divided into
multiple smaller joins, each
joins a pair of partitions in
Both tables have the same parallel
degree of parallelism and are
partitioned the same way on the
join column (cust_id)
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Monitoring of partition-wise join

Partition Hash All above the join method

Il ndi cates | twisejoi@m partitic
| Id | Operation | Mame | Bows | Butes | Cost (ZCPUD Time | Pstart| Pstop |
| o | SELECT STATEMEMT I I I | 914 (1007 I I I
I 1 | SORT AGGREGATE I I 11 29 | | I I |
| 2| PARTITION HASH ALL | | 983K eI 914 (3 O0po0:dd | 11 4 |
1* 3 | HASH JOIM I | 983K ZEMI 914 (3)] oop0o:ll | I I
| 4 | THELE ACCESS FULL | CUSTOMERSZ | 48431 | B14kKl 416 (1)1 Q0002085 | 11 4 |
| & | FARTITION RAMGE ALLI | 983K 241 491 (3} 000006 | 11 29 |
| & | TAELE ACCESS FULL | SALESZ | 983K 241 491 (3} 000006 | 11 116 |

Predicate Information (identified by operation id):

3 - access("S","CUST_ID"="C","CUST_ID")
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. Partition Exc

O
o = ’IEL

DBA

hange Loading

1. Create external table Sales Table

i for flat files

=

2. Use CTAS command
to create non-
partitioned table

;i TMP_SALES

I Imp_ sales
Table

3. Create indexes

Iimp._ sales

Table

May 18th
2008

May 19t
2008

May 20t

2008

May 21st
2008 Sales

May 22nd table nOW
W — has all the
May 23d data
2008

CLCLLTETET PP TP M th
; de J) 5 Gather
: Statistics

4. Alter table Sales
exchange partition
May 24 2008 with table
tmp_sales
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. Incremental Global Statistics

1. Partition level stats are
gathered & synopsis

Sales Table created
May 18t
2008 | S1
May 19th 5 2. Global stats generated by
2008 ) aggregating partition
May 20t = Synopsis
— — Global
May 21st — | S4 | Statistic J
‘ 2008 .
May 22nd :
=
_ 2008 i
May 23 oo | S6

2008 L -

4

Pronsssseees > Sysaux Tablespace
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DATABASE

|l ncr ement al Gl obal S

3. A new partition
Is added to the
SESHEREEtable & Data is
May 18t Loaded
2008

May 19th 6. Global stats generated by
2008 ) aggregating the original
partition synopsis with the

May 20t

b S new one
May 21st 334 Global

2008 Statistic
May 22nd

2008 59
May 23'd S6

2008

A

May 24 Y 5. Retrieve synopsis for

2008

each of the other
partitions from Sysaux

Tesssmmssssmnns Sysaux Tablespace
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. Things to keep in mind when using
partition

 Partition pruning on hash partitions only works for
equality or in-list where clause predicates

e Partition pruning on multi-column hash partitioning
only works if there is a predicate on all columns used

* To get a partition-wise join when using parallel query
make sure the DOP is equal to or a multiple of the
number of partitions

e If you load data into a new partition every day and
users immediately start querying it, copy the statistics
from the previous partition until you have time to
gather stats (DBMS _STATS.COPY_TABLE_STATYS)
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. Agenda

« Data Warehousing Reference Architecture

e The three Ps of Data Warehousing
— Power
— Partitioning
— Parallel

» Workload Management on a Data Warehouse
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How Parallel Execution works

I User connects to the
[ ]

. database
| == |

Parallel servers
communicate among
themselves & the QC using
messages that are passed
via memory buffers in the
shared pool

Background process is

When user issues a parallel
spawned

SQL statement the
background process
becomes the Query

Coordinator

ﬂ «‘ QC gets parallel
<> | servers from global
pool and distributes

\ the work to them

\
.

Parallel servers -
individual sessions that
perform work in parallel
Allocated from a pool of

globally available
parallel server
processes & assigned
to a given operation
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. Monitoring Parallel Execution

- SELECT c. cust_last name , stime_id , s. amount_sold h
FROM sales s, customers ¢
WHERESs.cust_id = c.cust_id
N\ J
| Id | Operation | Mame | Paol 1 Bytes | Cost CECPUDI Time I
| 0 | SELECT STATEMENT : | | | 311 (Ao |
| 1 | P& COORDIMATOR | | | | | |
| | Fa SEMND UL CRANLM ) [+ TUIoo0 1T 1o0d449E] A1M| Aall LA Qg
e St HASH JOIWM BUFFERED | | 1049K| S1MI 311 (23] 00:00:04
| 4 | PX FECEIWE | | ER500 FO4K | IR [, Fe A ET A AT
| B3l P& SEND HASH | +TOLQOO0 | SHR45OG | FO4E | 112 (03] 00200202
| Bl F# BLOCK ITERATOR | | A555a0 ] FO4K | 1 LR A mln ¥ D00 (2
BT TRBLE ACCESS FULLI CUSTOMERS | SS&0o0 | FO4K | 112 (03] 0020002
| a3 | EHREEREIME | | 1049k | 18HM | 196 (23] 00:00:03
| < P& SEND HASH | «TO10001 | 1049K| 18HM | S| S A
i | F# BLOCK ITERATOR | |  1049K | 18HM | 196 (23] 000003
[ =] TRBLE ACCESS FULLI SALES [ 18HM | 195 (27 Q00003

do majority of the work



. How Parallel Execution works

SELECT c.cust_last name ,
s.time_id , s.amount_sold
FROM sales s, customers ¢ l Cocglr’;wator l
KWHEREs.cust_id = c.cust_id ;
ﬁpl ﬁpz ﬁpg’ ﬁm Consumers
Hash join always 4 N / \
begins with a scan of
the smaller table. In -
this case SALES s the CUSTOMERS
customer table. The 4
producers scan the - Table
customer table and Table
send the resulting -—
rows to the Producers
consumers . = \_ )
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. How Parallel Execution works

SELECT c.cust_last name ,
s.time_id , s.amount_sold

FROM sales s, customers ¢ l COQO:’;wator l

KWHEREs.cust_id = c.cust id ;
b “—; - N

Once the 4 producers
finish scanning the SALES ’ CUSTOMERS
customer table, they

start to scan the Tahle - Table
Sales table and send
the resulting rows to -

the consumers - = Producers

. J




. How Parallel Execution works

N

SELECT c.cust_last name ,
s.amount_sold

s.time_id

FROM sales s, customers C

WHEREs.cust _id

c.cust_id

SALES
Table

~

Query
coordinator

P1

P2

\ Consumers

P3 Dp4 Once the consumers
receive the rows from the

|

)

sales table they begin to
do the join. Once
completed they return
the results to the QC

/

Producers

o

CUSTOMERS

\

Table

J
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. Monitoring Parallel Execution

SELECT c. cust last name , s.time id , s. amount sold
FROM sales s, customers ¢

WHEREs.cust _id = c.cust id ;
" J
| Jperation | Mame | S0 | Bytes | Cost CECPUDI Time I
| 0 SELECT STATEMEMT , i | | | 211 (1007 |
| 1 P COORDIMATOR | | | | | |
| 2 F# SEND (C (RAMDOM) [ sTO1000Z | 1043K] 21MI 311 (23] 00:Qo:nd |
|4 3 | HASH JOIN BUFFERED | | 1043K| S1M| 311 (23] 00004 |
| 4 | P& BECEIVE | | BE&OG | FO4K | 112 (03] Qo002 |
| 5o Fi SEMD HASH | +TOI0OGO0 | 5R&OG | FO4E | 112 (03] Qox00:02 |
| B | Fi BLOCK ITERATOR | | BEROG | FO4K | 112 (o) Qo002 |
* 7 | S FULL| CUSTOMERS | 55500 | 704K1 112 (0} 00:00:02 |
| 8 | I i | 1049K] 18M1 196 (231 00:00:03 |
| 9 | | sTO10O01 | 1043K] 18H | 196 (23] Q0:00:035 |
| 10 | ERATOR | | 1043K] 18H | 196 (23] Q0:00:035 |
|* 11 | 55 FULLT SALES | 1043K| 18M| 196 (23] Q00003 |

Producers
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