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Executive Overview

The changing landscape of the IT industry and the ever increasing dependency on the internet has
produced more chalenges for any database management software than in the past. The exponentia
growth of companiesrelying on theinternet for increasing their market penetration quickly and
effectively has resulted in the explosion of the data that need to be stored and managed very effectively
in datawarehouses. As a consequence, the stress on scal ability and performance of the database
management software is more than ever.

Oracle has dways been aforerunner in coming up with products that incorporate ingenious features to
cater to the changing demands of businesses, thus maintaining its leedership in the market. Its latest
product, OracleQi Database Server is designed to deliver the sca ability and performance thet are
critical for the qudity of service requirements of eBusiness and traditiona businesses.

This white paper describes in somewhat technica detail the performance aspects of new featuresin
Oracledi Database Server that are pertaining to the DSS and Data Warehousing environments. Many of
these features will be useful in traditionad OL TP environments aswell. Any topics related to the Oracle9i
Application Server and any other featuresin Oracledi Database Server which are not directly related to
DSS environment process cycle or which are not performance festures will not be covered in this
document.

I ntroduction

The subsequent sections will explain the new features of Oracle9i Database Server and are
substantiated with results and graphs from experiments that were conducted to mimic gpplicationsin
red life. The resultswill dearly illustrate the performance gain over the most optimal approaches that
would have been implemented usng Oracle8i to achieve the same functiondity. Apart from the
inherent performance gain, some of these features, as you will clearly see, are very convenient and easy
to use.

Almogt dl of the experiments were conducted on Sun (sparc) Ultra-Enterprise 4500 machine with 3 GB
RAM, 10 CPUsof 168 MHz and running Solaris 5.6. For each feature the rlevant system
configuration parameters are mentioned in its repective test description. Some of the features introduce
new SQL syntax. A skeletd form of the syntax is listed wherever necessary. For exact and complete
SQL syntax of the new features, please refer to the Oracledi SQL Reference.

List Partitioning

A new partitioning method called Ligt Partitioning is added in Oracle9i to the set of partitioning
methods already supported (Range and Hash). List partitioning allows explicit control over how rows
map to partitions. Thisis done by specifying ligt of discrete vaues for the partitioning column in the
description for each partition. Thisis different from RANGE partitioning where arange of valuesis
associated with a partition and with HASH partitioning where the user has no control of the row to
partition mapping. This partitioning method has been specifically added to modd data ditributions that
follow discrete vaues, this cannot be easily done Oracle8i usng:
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Range partitioning, because this method assumes a natural range of values for the partitioning
column, and it isimpossible to group together out-of-range vaues partitions.

Hash partitioning, because the user has no control over the distribution of data (Since these are
digtributed over the various partitions via the system hash function) and hence again cannot
logicaly group together discrete vaues for the partitioning columnsinto partitions.

Ligt partitioning alows for the digtribution of data, based on discrete column values. Unordered and
unrelated sets of data can be grouped and organized together very naturaly usng LIST partitioning.

Sample Problem: Thereisa database table that contains the subscriber information for atelephone
company with area codes 408, 415, 510, 650, and 707. A new area code 925 has to be added, and
roughly haf of the 510 customers phone numbers have to undergo this area code change.

8i_ | mplementation: Using Oracle8i, we would have probably implemented the table as

CREATE TABLE SUBSCRI BERS ( AREA_CODE NUMBER,
LAST_NAME VARCHAR2( 30),

ce)

PARTI TI ON BY RANGE ( AREA_CODE)

( PARTI TI ON SUB_408 VALUES LESS THAN (409),

PARTI TI ON SUB_415 VALUES LESS THAN (416),

PARTI TI ON SUB_707 VALUES LESS THAN ( MAXVALUE) ) ;
ALTER TABLE SUBSCRI BERS ENABLE ROW MOVEMENT;

Hence, when following statement is issued,

UPDATE SUBSCRI BERS SET AREA _CODE = 925 WHERE AREA_CODE=510 AND TELEPHONE# > 4330000;

the partitioning key gets updated and the rows have to be moved to a new partition. Row movement
can be quite an expensive operation and as the number of rows to be moved increases the performance
deteriorates. Moreover this can lead to skew in data distribution too.

9i Implementation: Using Oracle9i Lig partitioning, we would have

CREATE TABLE SUBSCRI BERS ( AREA_CODE NUMBER,
LAST_NAME VARCHAR2( 30),

)

PARTI TI ON BY LI ST ( AREA_CODE)
( PARTI TI ON SUB_408 VALUES (408),
PARTI TI ON SUB_415 VALUES (415),

PARTI TI ON SUB_707 VALUES (707));

To update, the following gatementswill be issued,

ALTER TABLE SUBSCRI BERS MODI FY PARTI TI ON SUB_510 ADD VALUES(925);
UPDATE SUBSCRI BERS SET AREA_CODE = 925 WHERE AREA_CODE=510 AND TELEPHONE# > 4330000;

The firg statement isaDDL that updates the data dictionary (very chegp). The second statement
updates the rows in the partition SUB_510 of the table SUBSCRIBERS. So there is no cost of row
movement here,
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Some experiments were conducted for the above mentioned problem by varying the number of rowsin
each partition. The results which are very encouraging are given below:

Rows per partition Time taken for Update Time taken for Update

in SUBSCRIBERS table usng LIST partitioning usng RANGE partitioning
1 million 127.03 s 359.74 s

2million 230.33 s 702.78 s

4 million 453.22 s 1364.36 s

8 million 922.86 s 2696.19 s

Update on Partitioning Key Column
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Additional Benefits of using Ligt Partitioning:

1. If anew partitioning has to be added, in list partitioning we can issue the following DDL (very
cheap)

ALTER TABLE SUBSCRI BERS ADD PARTI TI ON SUB_925 VALUES(925);
followed by, maybe, acdl to SQL*Loader to load the partition.
Whereas, in RANGE partitioning we will haveto issue

ALTER TABLE SUBSCRI BERS SPLI T PARTI TI ON SUB_707 AT (708) I NTO (PARTITION SUB_707 ,
PARTI TI ON SUB_925) ;

followed by, maybe, acdl to SQL*Loader to load the partition.
This(SPLI T PARTI TI ON) isamuch expensive operation as al the rows need to be scanned.
Following are the resullts for this experiment:
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Rows per partition Time taken for ADD partition Timetaken for SPLIT
in SUBSCRIBERS table usng LIST partitioning PARTITION
usng RANGE partitioning
1 million 0.09s 34.17s
2 million 0.11s 63.50 s
4 million 0.12s 12517 s
8 million 0.14s 245.09 s

| ntra-Partition Parallelism for Inserts

In Oracle8i, one partition of atable is acted upon by only one dave during paralld insart (PDML). Asa
result, load balancing was not possible if there was a data Skew amongst the partitions, e.g. in many
applications the table is partitioned by range on a date column, and the rows are mainly inserted in the
last partition. Due to this, the dave working on the lagt partition needs to do much more work than other
daves. Oracle9i introduces intra-partition pardleism. Allowing multiple daves to work on a partition
helps to dleviate this performance bottleneck. It takes advantage of the dynamic load balancing
cgpabilities of pardld execution. Thisisdl done automaticdly internaly when PDML iserabled. The

benefits of intra-partition pardleism of Inserts are maximum when thereis alot of data Skew. If the data
to be inserted is uniform then there islittle or no advantage over regular pardld inserts.

Sample Problem: Rowsfrom an Operational Data Store table SALES ODS have to be inserted into
afact table SALES 1999 that is partitioned by month. The data distribution is skewed and is shown in

the graph below
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| mplementation: In both Oracle8i and Oracle9i, thiswill be implemented as follows
ALTER SESSI ON ENABLE PARALLEL DM;

I NSERT | NTO SALES_1999 /*+ parallel (SALES 1999, 10) */
SELECT * from SALES_ODS;
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The following table will demonstrate the dgpsed time comparisons for pardld insertswith increasing

data volumes.

Rowsto beinsated in

OracleSi

Oracle9i

SALES 1999 (without intra-partition pardldlism) | (with intra-partition pardldiam)
table from SALES ODStable
616,524 10.68 s 740s
1,233,048 16.37 s 10.68 s
2,466,096 32.31s 18.46 s
4,932,192 58.00 s 31.66s
Parallel Inserts
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If we increase the data skew, s0 asto dmost have a spike for the month of NOVEMBER 1999, we
can see even more performance gain. The performance of parald insertsin OracleSi deteriorates with
the increase in skew whereas performance with Oracledi is more or less congtant. The following results
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are for the more skewed distribution of data (graph of distribution given below)

Distribution of Data in Partitions
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Intra-partition pardlelism of insertsin Oracledi achieves the following to give better performance over
Oracle8i Pardld Insert (PDML).
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1. More CPU Usage - In Oracledi this operation is amost completely CPU bound whereasin
Oracle8i its not

2. Better Use of 10 bandwidth - In Oracle9i there are more transactions per second (tps) than
Oraclegi

3. MorelO throughput - In Oracle9i thereis more Mbps of 10 transferred than OracleSi.
Merge

The MERGE statement isanew SQL statement introduced in Oracle€di that provides the ability to
update or insert rows conditiondly into atable or view.

In a data warehousing environment, tables need to be periodicaly refreshed with the new data arriving
from on-line systems. This new data (from a Source Table) might contain changes to the exigting rows
of the warehouse table (Degtination table) or might introduce a new row atogether. Thus, depending on
the existence of the key for this row in the data warehousing table a suitable insert or update needs to be
generated. Thisis exactly what is achieved by the MERGE statement. This statement is a convenient
way to combine these two operations and avoid the need to use multiple INSERT and UPDATE
satements. It is particularly useful in Materiaized View refreshes which can be done more efficiently
with MERGE.

Prior to Oracle9i, the same functiondity could be achieved by one of the following two methods:

1. PL/SQL programsthat use cursors, to UPDATE or INSERT each row
2. A sequence of DML statements, i.e,, UPDATE of a JoinView followed by an INSERT

Thefirst approach suffersfrom alot of drawbacks, eg., itsin PL/SQL so it will be alittle dower than
SQL, it could no be pardlelized. The second gpproach requires two joins of the Source and the
Dedtination table.

MERGE statement can be pardldized and the performance is better asit used one outer-join internaly.
Hence, the performance gain is of the order of Scan(Source table) + Scan(Destination table) +
JoinCost(Source, Destination).

Sample Problem: Thefact table SALES FACT in adata warehouse needs to be periodicaly
updated with sdes data coming in from the on-line systems. If there is a new store that is added, then
the new data needs to be inserted into the SALES FACT table.

Oracle8i | mplementation: The sequence of DML statements can be implemented as follows:

UPDATE /*+ BYPASS_UJVC */
( SELECT
S.TIME_ID,S. STORE_I D, S. REGI ON_I D
, S. PARTS s_parts,S. SALES AMI s_sal es_ant ,S. TAX_ AMI s_tax_ant , S. DIl SCOUNT s_di scount
, D. PARTS d_parts, D. SALES AMI d_sal es_ant ,D. TAX_AMI d_tax_ant , D. DI SCOUNT d_di scount
FROM SALES_NOV99 S, SALES_FACT D
WHERE D.TIME_ID = S. TIME_ID
AND D. STORE_ID = S. STORE_I D
AND D. REGION_ID = S.REGION_I D) JV
SET d_parts = d_parts + s_parts
, d_sales_ant = d_sales_ant + s_sales_ant
, d_tax_ant = d_tax_anm + s_tax_am
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d_di scount = d_di scount + s_discount

comm t;
I NSERT | NTO SALES_FACT (
TIME_I D, STORE_I D, REGI ON_I D
, PARTS , SALES_AMT , TAX_AMT , DI SCOUNT)
SELECT
S.TIME_ID,S. STORE_I D, S. REGON_I D
, S. PARTS, S. SALES_AMT , S. TAX_AMT , S. DI SCOUNT
FROM SALES_NOV99 S

WHERE (S.TIME_ID, S.STORE_ID, S.REGI ON_ID) NOT IN (SELECT /*+ HASH_AJ */

D.TIME_ID, D.STORE_ID, D.REG ON_ID
FROM SALES_FACT D
)

comm t;

Oracledi I mplementation: In Oracledi, the MERGE statement can replace the above sequence of

DMLs

MERGE | NTO SALES_FACT D
USI NG SALES_NOV99 S
ON (D.TIME_LID = S.TIME_ID
AND D. STORE_ID = S. STORE_ID
AND D. REGION_I D = S. REGI ON_I D)
WHEN MATCHED THEN
UPDATE
SET d_parts = d_parts + s_parts
d_sales_am = d_sales_am + s_sales_ant
d tax_amt = d_tax_ant + s_tax_ant
d_di scount = d_discount + s_discount
WHEN NOT MATCHED THEN
I NSERT (D. TIME_I D, D. STORE_I D, D. REGI ON_I D
, D. PARTS, D. SALES_AMT , D. TAX_AMT , D. DI SCOUNT)
VALUES (
S.TIME_ID,S. STORE_I D, S. REGI ON_I D
, S. PARTS, S. SALES_AMT , S. TAX_AMT , S. DI SCOUNT) ;
conmi t;

Experiments were conducted using the above example and the performance of MERGE was measured

in serid and pardld execution and compared againgt the sequence of DMLs (SEQDML). The

percentage of the number of rows in the Source table (SALES NOV99) digible for update was varied

from O (al inserts case) , to 100 (dl updates) for both serid and parallel execution.

Serid Execution: SALES FACT contained 5 million rows and SALES NOV99 contained 1 million

rows

Parald Execution: SALES FACT contained 50 million rows (10 partitions), and SALES NOV99

contained 5 million rows, DOP 10

Thefollowing tables have the results of these tests:
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Serial Execution (Elapsed timesin seconds)

%Rowsin SALES NOV99 digible for UPDATE in SALE_FACT table
0 20 40 60 80 100
seqdml 217.027 331.583 432.687 536.003 631.687 693.543
merge 120.097 251.69 330.273 425.69 504.49 568.55
% gain 44.66 24.09 23.669 20.58 20.14 18.02
MERGE vs SEQDML (serial)
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2 300 //'/ —*— Merge
= 200
& 100 |
u_“j 0" t t
0 20 40 60 80 100
% rows updated
Parallel Execution (Elapsed timein seconds)
%Rowsin SALES NOV99 digible for UPDATE in SALE FACT table
0 20 40 60 80 100
seqdml 213.643 495.83 527.953 581.75 664.683 721.203
merge 139.97 411.007 433.427 501.443 567.873 607.613
% gain 34.48 17.11 17.904 13.8 14.56 15.75
MERGE vs SEQDML (parallel)
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Hence, we can see that MERGE is clearly an excdlent performance fegture that will smplify and speed
up data warehousing gpplications.

Multi-table Insert

The INSERT ... SELECT gstatement in Oracle8i provides severd performance benefits when dedling
with large amounts of data. Chief among these are the direct-load access path and the ability to
pardldize the insert operation. The existing Satement, however, islimited to inserting rows into asingle
target table. In Oracle9d anew feature cdled multi-table insert isintroduced by which data can be
inserted into multiple tablesin asingle DML statement in SQL. Hence, in Oracle8i, if data needed to be
inserted into multiple tables then multiple INSERT...SELECT statements would have to be issued and
the source data is scanned once for each target table as opposed to just once for the entire operation in
Oracle9i. In addition, if the SELECT statement itself describes a complex transformation (which it
usually does, e.g., GROUP BY), then the transformed datais either recomputed for each scan or
materidized beforehand in atemporary table, which consumes large amounts of space and is clearly
undesirable,

The performance gain with MTI is, thus, directly proportiond to the amount and complexity of the
source datainvolved. In case of asingle target table, thereis no performance gain.

A DSS system which tends to ded with large amounts of datain fewer "long" transactions will benefit
from this feature. The multi-table insert feature specificaly focuses on enhancing performance during the
critica ETT (extraction, transformation, and trangportation) process by alowing data to be moved into
multiple tablesin one operation. Thisis expected to have broad applicability within the data warehousing
environmen.

Sample Problem: InaTPC-H schema, lets say, you want to read LINEITEM and ORDERS tables
and load the "mgor" (defined as orders with quantity > 110) ordersinto one table, "minor” (defined as
orders with quantity < 100)orders into another and the rest ("medium™)in athird table.

Oracle8i I mplementation: The following sequence of SQL statements will be issued

| NSERT | NTO ORDERS_QUANT_M NOR ( ORDERKEY, QUANT _SUM)
SELECT O_ORDERKEY ORDERKEY, SUM L_QUANTI TY) QUANT_SUM
FROM LI NEI TEM ORDERS
WHERE LI NEI TEM L_ORDERKEY = ORDERS. O ORDERKEY
GROUP BY O_ORDERKEY
HAVI NG SUM L_QUANTI TY) < 100;

I NSERT | NTO ORDERS_QUANT_MAJOR ( ORDERKEY, QUANT_SUM
SELECT O_ORDERKEY ORDERKEY, SUM L_QUANTI TY) QUANT_SUM
FROM LI NEI TEM ORDERS

WHERE LI NEI TEM L_ORDERKEY = ORDERS. O_ORDERKEY

GROUP BY O_ORDERKEY

HAVI NG SUM L_QUANTI TY) > 110;

I NSERT | NTO ORDERS_QUANT_MEDI UM ( ORDERKEY, QUANT _SUM)
SELECT O_ORDERKEY ORDERKEY, SUM L_QUANTI TY) QUANT_SUM
FROM LI NEI TEM ORDERS

WHERE LI NEI TEM L_ORDERKEY = ORDERS. O ORDERKEY

GROUP BY O_ORDERKEY

HAVI NG SUM L_QUANTI TY) BETWEEN 100 AND 110;
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Oracledi 1 mplementation: The following statement will be issued

| NSERT FI RST
WHEN QUANT_SUM < 100 THEN
| NTO ORDERS_QUANT_M NOR VALUES ( ORDERKEY, QUANT _SUM)
WHEN QUANT_SUM > 110 THEN
| NTO ORDERS_QUANT_MAJOR VALUES ( ORDERKEY, QUANT _SUM)
ELSE
| NTO ORDERS_QUANT_MEDI UM VALUES ( ORDERKEY, QUANT _SUM)
SELECT O_ORDERKEY ORDERKEY, SUM L_QUANTI TY) QUANT_SUM
FROM LI NEI TEM, ORDERS
WHERE LI NEI TEM L_ORDERKEY = ORDERS. O_ORDERKEY
GROUP BY O ORDERKEY;

Experiments were conducted usng Conventional Inserts, Direct Load Inserts (seria) and Direct Load
Inserts (pardld degree 8) and it was found that Multi Table Insert showed a phenomend improvement
over its Oracle8i counterpart of a series of multiple INSERT... .SELECT dtatements.

The number of recordsin LINEITEM is 6,001,215 and ORDERS is 1,500,000.
Thefollowing table will illudrate this point:

Satigic Conventiond Serid Direct Serid Direct Pardld
Oracle8i Oracledi | Oracle8i Oracledi | Oracle8i Oracledi
Multiple MTI Multiple MTI Multiple MTI
| NSERT. . . S | NSERT. . . SELEC I NSERT. .. S
ELECT T ELECT
Elgpsed Time | 1768 623 1784 649 181 70
Physica 477 K 162 K 472 K 162 K 426 K 142 K
Reads

Data Block Prefetching

Data Block prefetching is an interna optimization that isintroduced in Oracle9i which can improve
response times of queries significantly in some cases. Data block prefetching is used by table lookup.
When an index access path is chosen and the query can not be satisfied by the index done, the data
rows pointed by the rowid aso need to be fetched. Thisrowid to data row access (table lookup) is
improved using data block prefetching which involves reading an array of blocks which are pointed by
an aray of quaifying rowids. Block prefetching alows better utilization of the 1/0 capacity and
reduction in response time by issuing reads in pardld (whenever possible).

Data block prefetching will be useful when the index is poorly clustered and the table access tends to
involve random disk accesses with an overall poor buffer cache hit ratio. In such cases, the query can
easly become 1/0 bound, waiting for these single blocks to be read into the cache synchronoudy, even
though there may be available I/O bandwidth on the system. Data block pre-fetching ddaysreadingin a
table block until a number of satisfying rowids have been accumulated from the underlying index.

Waiting much less often for an I/O to complete helps the database instance better utilize the CPU
resources.
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Sample Problem: Query 17 from TPC-H specification is a classc example where data block prefetch
can be used. For agiven brand and a given container type, what would be the average yearly gross
lossin revenue if orders for those parts with a quantity of less than 20% of the average we no longer
taken?

The database contains data for 7 years.

| mplementation: Following query (DOP 16) will be used for implementing the above problem in both
Oracle8i and Oraclegi,

sel ect
sum(| _extendedprice) / 7.0 as avg_yearly
from
parts,
lineiteml|1
wher e
p_partkey = | _partkey
and p_brand = ' Brand#23
and p_container = 'MED BOX
and | _quantity < (
sel ect
0.2 * avg(l _quantity)
from
lineiteml2
wher e

| _partkey = p_partkey);

Time taken for the Query to execute on Oracle8 = 264 seconds
Time taken for the Query to execute on Oracledi with Data Block Prefetch = 180 seconds whichis
an improvement of 31.82%

Index Skip Scan

In prior releases, a composite index would only be used if the index prefix column was included in the
predicate of the statement. With Oracle9i, the optimizer can use a composite index even if the predicate
column does not contain the prefix column. The optimizer uses an dgorithm caled skip scanning to
retrieve the row address (ROWID) for vaues that do not use the prefix column. Index Skip Scanis
based on the fact that it is faster to scan index blocks than to scan table's data blocks. Skip scans
reduce the need to add another index (thereby saving space) to support occasiona queries which do
not reference the prefix column of an exigting index. This can be ussful when high levels of DML activity
would be degraded by the existence of too many indexes used to support infrequent queries.

While not asfast asadirect index look up, the skip scan agorithm is faster than afull table scan in cases
where the number of distinct valuesin the prefix column isrdatively low. The optimizer uses datidticsto
determine whether a skip scan retrieva would be more efficient than afull table scan, or other possible
retrieva paths, when parang SQL statements. It is called skip scan because, while searching for the non
prefix column in the composite index, it can skip a sub-tree lookup depending on the low and high
vaues for the non-prefix column a the current node.
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Sample Problem: Lets assume that there exists a table with the DMV on registered owners of dl the
vehicles, cdled REGISTERED OWNERS (described below) which has a composite index on
(STATE, REGISTRATION#). You want to find out the details of the owner of a particular
REGISTRATION# and the STATE isnot known

REGI STERED_OWNERS
(

STATE VARCHAR2(2) NOT NULL,
REGI STRATI ON#  VARCHAR2(10) NOT NULL,
FI RST_NAME VARCHAR2( 30) ,

LAST_NAME VARCHAR2( 30) ,

MAKE VARCHAR2( 30) ,

MODEL VARCHAR2( 15) ,

YEAR_MFG NUNMBER,

clTY VARCHAR2( 30) ,

ZIP NUVBER

)
| mplementation: The above query can be formulated in both Oracle8i and Oracle9i as

SELECT first_name, |ast_nane, zip

FROM REGI STERED OWNERS WHERE regi stration# = ' 4FBB428'

In Oracle8i, the optimizer will choose afull table scan for the query (unless there exists another index
with REGISTRATION# as the prefix). But in Oracledi, the optimizer (depending on the statistics) will
use the composite index on (STATE, REGISTRATION#) because the cardindlity of the STATE
column isfarly low and return dl the rows that match the registration# 4FBB428. Thisismuch faster
then full table scan.

This new feature is trangparent to users and gpplications. The optimizer uses datigtics to determine
whether askip scan retrieval would be more efficient than afull table scan.

Tests were conducted with five satesin the REGISTERED OWNERS table by varying the number of
rows and running the above mentioned query. The results are listed below which establish the
superiority of the new index skip scan dgorithm
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Number of recordsin Oraclesi Oraclei (Index Skip scan)
REGISTERED OWNERStable | (hundredth of a second) (hundredth of a second)
315K 287 12
630 K 585 16
1260 K 1135 21
2520 K 2142 24
5040 K 4035 25
Query Performance (SkipScan vs. No Skip Scan)
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0

1000
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2000

e t .
3000 4000 5000

6000

# of rows in REGISTERED_OWNERS table (in
thousands)

Pipelined Table Functions

Table functions are defined as functions written in PL/SQL, Java, or C that can produce a set of rows
as output. Additiondly, table functions can take a set of rows or cursors asinput. SQL can be used to
iterate over the set of rows returned by atable function. Specificaly, atable function can be queried by
using the TABLE keyword when it is placed in the FROM clause. Oracledi supports pipdined table
function and pardld execution of atable function.

In a data warehouse environment, table functions can be used in the ETL (Extraction-Transformation-
Load) process that builds a data warehouse by extracting data from an OLTP system. The extracted
data passes through a sequence of transformations (possibly written in procedural languages, such as
PL/SQL or table function) beforeit isloaded into a data warehouse.

Sample Problem: Sincethisfeatureisused in the ETL phase, the description of this problemisabit
lengthy but interesting. L ets take a data warehouse which receives a set of sales records from anon
relationa database having the following form:
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sourceT

(

product _id NUMBER,
store_id NUMBER,
weekl y_start_date DATE,

sal es_sun NUMBER,
sal es_non NUMBER,
sal es_tue NUMBER,
sal es_wed NUMBER,
sal es_thu NUMBER,
sales_fri NUMBER,
sal es_sat NUMBER

);
In the data warehouse, records are stored in the SALES tablein a rdaiond form:

sal es

(

product _id NUMBER,
store_id NUMBER,
time_id DATE,

sal es_amount NUMBER,

sal es_bi n_name VARCHAR2( 7)
)
Therefore, we need one transformation such that each record in the input stream is converted into
seven records for atemporary (ODS table) table TEMP_SALES. Thistransformation is commonly
referred to as pivoting.  After that we may need another transformation to find the
SALES BIN_NAME vauefor each row of the resulting table. This transformation called binning
could merdly involve atable lookup into abin table (say PRODUCT _BIN - described below) for every
row of the TEMP_SALES table.

tenp_sal es

(
product _id NUMBER,
store_id NUMBER,
time_id DATE,
sal es_amount NUMBER

)
product _bin

(
product _id NUMBER,

sal es_bi n_name VARCHAR2( 7) ,
m n_sal es_amunt NUMBER,
max_sal es_amunt NUMBER

)

In Oracle8i, the transformations were implemented using multi-stage data transformations. Pivoting and
binning will consst of the following steps: transform the source table (in the non relationd form) to the
format of TEMP_SALES table, materidize the TEMP_SALES table, join the TEMP_SALEStable
with the PRODUCT _BIN table and move the find result to SALES table. Therefore in multi-stage
data trandformation, thereisa serid process of transform-materiaize- transform.

In Oracledi, the trandformations can be pipelined using table functions. In pipelined data transformation,
we no longer need to materidize the intermediate staging table. Instead, we can do transform-while-
transforming. The whole process becomes more efficient, more scalable and non interruptive.
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Oracle8i | mplementation:

CREATE TABLE tenp_sal es (product_id number, store_id number, tinme_id date, sal es_amount
nunber) ;

DECLARE
CURSOR c1 is
SELECT product _id, store_id, weekly_ start_date, sales_sun, sales_non, sales_tue,
sal es_wed, sales_thu, sales_fri, sales_sat
FROM sourceT
BEG N
FOR crec IN cl1 LOOP
I NSERT | NTO tenp_sal es VALUES (crec.product_id, crec.store_id,
crec. weekly_start_date, crec.sal es_sun);
I NSERT | NTO tenp_sal es VALUES (crec. product _id, crec.store_id,
crec. weekly_start_date+1, crec.sal es_non);
I NSERT | NTO tenp_sal es VALUES (crec. product _id, crec.store_id,
crec. weekly_start_date+2, crec.sales_tue);
I NSERT | NTO tenp_sal es VALUES (crec. product _id, crec.store_id,
crec. weekly_start_date+3, crec.sal es_wed);
I NSERT | NTO tenp_sal es VALUES (crec.product_id, crec.store_id,
crec. weekly_start_date+4, crec.sales_thu);
I NSERT | NTO tenp_sal es VALUES (crec. product _id, crec.store_id,
crec. weekly_start_date+5, crec.sales_fri);
I NSERT | NTO tenp_sal es VALUES (crec. product _id, crec.store_id,
crec. weekly_start_date+6, crec.sales_sat);
END LOOP;
COWM T;
END;

Once the TEMP_SALES table is materidized, binning can be done by a SQL query asfollows.

create table SALES NOLOGG NG as
sel ect sl.product_id, sl.store_id, sl.tine_id, sl.sales_amunt, bin.sales_bin_nane
fromtenp_sales s1, product_bin bin
where sl.product_id = bin.product_id and
sl.sal es_amount >= bin.m n_sal es_anount and
sl.sal es_amunt < bin. max_sal es_anmount;

Oracledi | mplementation: In Oracle9i, one can define a pipelined table function SalesPivot that
takes a cursor of the sourceT table asinput, and output a set of sales table records.

create or replace type sourceT_obj as object (

product _id NUMBER,
store_id NUMBER,
weekly_start_date DATE,
sal es_sun NUMBER,
sal es_non NUMBER,
sal es_tue NUMBER,
sal es_wed NUMBER,
sal es_thu NUMBER,
sales_fri NUMBER,
sal es_sat NUMBER) ;
CREATE TYPE sal es_t AS OBJECT
( product _id NUMBER,
store_id NUMBER,
time_id DATE,
sal es_anmount NUMBER) ;

CREATE TYPE sal es_set _t AS TABLE OF sales_t;
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CREATE OR REPLACE PACKAGE Ref Cur_pack AS
type rec is record (t sourceT_obj);
type cur IS REF CURSOR RETURN rec;
type ret_rec is record (t1l sales_t);

END Ref Cur _pack;

CREATE FUNCTI ON Sal esPi vot (p Ref Cur _pack.cur) return sal es_set _t
paral l el _enable (partition p by any)
pi pel i ned
is
rec Ref Cur_pack.rec;
ret _rec RefCur_pack.ret_rec;
begi n
LOOP
FETCH p I NTO rec;
EXI T WHEN ( p¥\NOTFOUND) ;
ret_rec.tl := sales_t(NULL, NULL, NULL, NULL);

ret_rec.tl.product_id := rec.t.product_id;
ret_ rec.tl.store_id :=rec.t.store_id;
ret_rec.tl.time_id :=rec.t.weekly_start_date;
ret_rec.tl.sales_amunt := rec.t.sales_sun;

pi pe ROWret_rec.tl);

ret_rec.tl.time_id :=rec.t.weekly start_date+1;
ret_rec.tl.sales_amunt := rec.t.sal es_non;

pi pe RONret _rec.t1);

ret_rec.tl.time_id :=rec.t.weekly_start_date+2;
ret_rec.tl.sales_amunt := rec.t.sales_tue;

pi pe RONret _rec.t1);

ret_rec.tl.time_id :=rec.t.weekly_start_date+3;
ret_rec.tl.sales_amunt := rec.t.sal es_wed;

pi pe RONret _rec.tl);

ret_rec.tl.time_id :=rec.t.weekly_start_date+4;
ret_rec.tl.sales_amunt := rec.t.sales_thu;

pi pe RONret_rec.tl);

ret_rec.tl.time_id :=rec.t.weekly start_date+5;
ret_rec.tl.sales_amunt := rec.t.sales_fri;
pi pe RONret _rec.t1);
ret_rec.tl.time_id :=rec.t.weekly_start_date+6;
ret_rec.tl.sales_amunt := rec.t.sal es_sat;
pi pe RONret _rec.t1);

end | oop;

return;

end;

Oncethetable function SdesPivot is defined, the two trandformations, pivoting and binning, can be
integrated into one single SQL query.

CREATE TABLE sal es NOLOGGI NG AS
sel ect sl.product_id, sl.store_id, sl.tine_id, sl.sales_amunt, bin.sales_bin_nane
FROM TABLE( Sal esPi vot (cursor(select ... from sourceT))) sl1,
product _bin bin
WHERE s1. product_id = bin.product_id and
sl.sal es_amunt >= bin.m n_sal es_anount and
sl.sal es_anount < bin.mx_sal es_anmount;
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With afixed smd| table product_bin (10 rows) and the size of the sourceT table varying from 1,000
rowsto 1,000,000 rows, experiments were conducted to compare the performance and the results are
lised in the table bel ow:

All the elgpsed times are in seconds

Number of Oraclegi Oraclegi Oraclegi %gan %gan
Rowsin PL/SQL Fipdined TF Pardld (A) > (B) (A) ->(C)
SourceT table | (A) (B) Pipdined TF
(©)
1,000 5.36 2.37 1.31 55.78 75.56
10,000 49.54 21.8 9.72 56 80.38
100,000 503.85 214.14 74.93 57.5 85.13
1,000,000 5237.32 2195.67 702.66 58 86.58
ETL Transformation

., 6000

-g 5000 | —— PL/SQL approach

2 4000 1 - Pipelined Table Function

o 3000 T Approach

= 2000 T Parallelized and Pipelined

2 .

2 1000 |

©

w

0
0 200000 400000 600000 800000 100000
0

# of rows in Source Table

We can see there is more than 56% improvement of pipelined table function approach over the
PL/SQL procedure in terms of elapsed time. With pardld degree 20, the performance gain is as high
as 86% over the PL/SQL approach of Oracle8i.

NOTE: Inthe above example the second transformation (binning) was fairly smple using ajoin insteed
of another table function. It is possible to have more transformations dl of which are implemented as
table functions and these table functions could be nested in the SQL to create the resulting table.

Automatic Memory Management in PGA

This feature introduces an automatic mode for alocating memory to working areas in Program Globa
Aress (PGA). It amplifies and improves the way PGA memory is dlocated and tuned by Oracle.
Before Oracledi, existing parameters (likesort _area_si ze, hash_area_si ze,
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bi t map_rmer ge_ar ea_si ze, bitmap_create_area_si ze) used to control and limit PGA memory
utilization could not be automatically adjusted to compensate for low or high memory usage. These
parameters were defined once for al and could not vary when demand varies. New parameters
introduced in Oracle9i dlow database adminigtrators to specify the policy for sizing work aress. In
automatic mode, working areas used by memory-intensve operators can be automaticaly and
dynamicdly adjusted, based on the PGA memory used by the system, the target aggregate PGA
memory for the instance, and the requirement of each individua operator.
The new fegture offers severa performance and scaability benefits for DSS work loads or mixed
workloads with complex queries, that is, queries where alarge portion of the PGA runtime areais
dedicated to working areas used by some memory intensive row sources such as sorts or hash-joins.
The overd| system performance is maximized and the available memory is dlocated more efficiently
among queries

to optimize both throughput and response time. In particular, saving gains from improved use of
memory trandate to better throughput at high load.

This project introduces two init.ora parameters. One, named PGA_AGGREGATE_TARGET, isa
system parameter set by the DBA to specify the desired size of the pgamemory for the instance. Thisis
relaively easy for the DBA to compute (in most cases, pga _aggregate target =

memory_available for_oracle - sga sze). The second parameter, WORKAREA _SIZE POLICY,is
asesson and system level parameter which can take only two vaues, MANUAL or AUTO. This
parameter alows users to select between automatic or manud tuning of work area sizes. The main
motivation for the MANUAL vaue is backward compatibility with earlier versons of Oracle,

A query very smilar to the query 9 of TPC-H specification was run with multiple usersin the following
modes

1. InAUTO mode,

2. In MANUAL mode with SORT_AREA_SIZE and HASH_AREA_SIZE as5MB, and

3. InMANUAL mode with SORT_AREA_SIZE and HASH_AREA_SIZE as 15MB

The PGA_ AGGREGATE _TARGET was st to 2GB in AUTO mode. The following observetions
were made for response time and the total memory consumption by the processes. It will be clear that
this feature is a very adaptive to different changes and requests from processes o as to give the best
results.
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MEMORY CONSUMPTION in MB

# of users MANUAL 5MB MANUAL 15 MB AUTO
1 127 255 1054
2 254 510 1580
4 508 1020 1480
6 762 1530 1623
8 1016 2040 1550
10 1270 2550 1624
12 1524 3060 1550
16 2032 4080 1800
20 2540 5100 1750
Memory Consumption in MB
6000

o 5000 T

©

é 4000 1 —*— Manual - 5M

g 3000 T —* Manual - 15M

S 5000 1 % Auto

8

£ 1000 T

0 5 10

Number of Users

20
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RESPONSE TIME IN SECONDS

# of users MANUAL 5MB MANUAL 15 MB AUTO
1 42 26 11
2 50 31 16
4 63 45 34
6 78 57 48
8 94 121 63
10 103 494 80
12 124 96
16 188 136
20 235 165
Response Time in Seconds
500 M

o 450

E 400

's 350

2 300 B Auto

2 250 ® Manual - 5MB

& 200 O Manual - 15MB

© 150

& 100

< o1 mn e ol T O [ ([

1 2

4 6 8 10

Number of Users

12

16 20

NOTE: In the response time measurements, in the MANUAL 15MB case, after 10 users, memory
swapping started occurring. Hence we see a spike at 10 users and therefore measurements were not
made for more users.
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Conclusion

It is abundantly clear from the results from the above mentioned tests describing the new features of
Oracle9i that Oracledi Database Server is extremdy scdable, ddlivers high performance and is
definitely a better and improved version of the dready powerful Oracle8i Database Server. It contains
features that exceed the current requirements of the most demanding DSS environments and is flexible
enough to accommodate the changing needs of the businesses. Hence, gpplications that are currently
running on Oracle8i (or prior versons) can only benefit if they are upgraded to Oracledi by leveraging
the numerous new features and enhanced functiondty.
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