
This article addresses:

• Operational warehouse storage management 

considerations

• Warehouse storage management tools

• Managing warehouse storage for performance

Staging Area

Also included in our online edition are a few 

other non-storage performance topics and a 

recommended reading list.

W.H. Inmon introduced the concept of “Data Warehousing” a 

couple of decades ago.  A data warehouse should serve as the 

core database within a company’s business intelligence and 

decision support processes.  A company’s decision-makers 

either draw data from the data warehouse into their various decision support databases, 

or they query the data warehouse directly. The data warehouse draws its data from the 

company’s “operational” systems.  Data in the data warehouse should be static (histori-

cal) so its financial and statistical data will balance reliably over time.  Warehouse data 

should be “scrubbed” through the business rules, rendering it cleaner than the source 

operational data.  Warehouse data should be time-based and have time as part of the 

data key.  Therefore, data warehouses have different design, operations, and storage 

management considerations than “operational” systems.  This article focuses on data 

warehouse storage management considerations.

In the earlier eras of warehousing, a staging area between the operational system and 

the warehouse was fairly common.  The staging area shielded the operational system 

from repeated warehouse load queries over the same 

data set.  The staging area also served as an interme-

diate processing area and scrubbing area.  With 

sophisticated Extract/Transform/Load software such as 

Oracle Warehouse Builder, the trend is away from 

staging areas.  This is especially true when the ware-

house custodians have either a high level of access to 

the operational systems or own them.  Eliminating the 

staging area saves storage, system overhead and 

elapsed processing time.
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Historical Data
Operational systems store data on the average 

from six months to three years.  Data warehouses 

on the other hand can store history ranging from 

10 to 20 years.  The best formulas and methods 

for estimating storage will probably fall short in 

your environment – triple your warehouse storage 

estimates.  (A warehouse initiative is a great time 

to consider the savings and operational and 

performance benefits associated with a storage 

area network.)

Whether or not you use a staging area, we 

recommend you generate 

and permanently archive 

intermediate flat files from 

the operational system, even 

if the flat files aren’t actually 

used in the warehouse load.  

Generate one flat file per 

warehouse table to be 

loaded, such that the 

corresponding table could 

be loaded from that file 

without any additional data 

manipulation or row filtering.  

Here’s the rationale: in the 

year 2035, technicians may 

have never heard of File Maker Pro, have no 

access to xBASE tools, and might not have any 

access to any utilities to decipher Oracle backups 

or data files.  But any technician will still be able 

to interpret a flat file with any utility they happen 

to have on their desktop.  These people will honor 

your name for having had the foresight to think 

beyond your immediate needs to their potential 

needs!  In the shorter term, if you decide to purge 

warehouse history beyond, say, 10 years rather 
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than archive it, and someone comes along and 

absolutely has to have that history re-loaded, you 

can load it from your flat files.

Direct-attached RAID-5  historically has been the 

nemesis of OLTP performance.  Admittedly, it’s 

getting a lot better.  Regardless, RAID-5 can work 

well for business intelligence data.   RAID-5 can 

read just as fast as more expensive operational 

disk configurations.  RAID-5 can slow down the 

warehouse refresh cycle.  But the biggest hit to 

the refresh cycle is likely to be data load failures, 

not the RAID-5 write performance penalty.

Older historical data can be placed on less-

expensive alternative or “near-line” storage.  Bill 

Inmon describes three types of software neces-

sary to manage such an environment:

Backup of a very large warehouse database 

might take days if not multiple weeks to com-

plete.  In such environments, the complete 

backup can span a week or more as one or more 

tablespaces are backed up each day.  Oracle’s 

recovery mechanism can recover the database to 

a consistent point in time even though the 

tablespaces were backed up in different backup 

sessions.

Consider Oracle’s Recovery Manager (RMAN) 

which is bundled with your Oracle Server license.  

RMAN is block-aware.  On a level-zero backup, 

RAID-5

Warehouse Storage Management 
Software

• Cross-media storage manager: controls and 

makes data movement between on-line and 

near-line storage

• Data monitor: determines data usage in the 

various storage areas

• Query facility: veils data location from the 

applications or the end-users

Backup
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RMAN will copy to its backup objects only those 

data blocks that contain data.  On a non-level-

zero (incremental) backup, RMAN will only copy 

to the backup objects those data blocks that have 

changed.  This is improved over traditional Oracle 

backups that must copy entire data files.  

Therefore RMAN can generate “compressed” 

backups extremely quickly with very small foot-

prints.  For example, RMAN produced a level 1 

incremental backup of a 1GB demonstration 

database on a portable demo box into a 1.5MB 

backup set in less than a minute. 

Should you even backup the warehouse if you 

can reload it?  Eliminating backups can be a 

viable option for some warehouse environments 

because of the relative effort of reloading the 

warehouse.  Recommendations:

Oracle Partitioning in 8i and 9i greatly facilitates 

large table storage management compared to 

non-partitioned layouts.  Individual partitions can 

be added, deleted, moved between databases, 

backed up and restored, while the rest of the 

table’s partitions are open for business.

Partitioning allows both global and local parti-

tion indexes. This has multiple benefits for data 

warehousing.  When all partitions are available, 

the optimizer can improve performance by using 

the global index for queries that need to touch a 

majority of the partitions.  On the other hand, 

when one or more partitions are unavailable, 

queries can still be executed utilizing the local 

partition indexes of the available partitions.

• Backup if you can, even if you have no 

intention of restoring the backup

• Save yourself the risk of having to re-create 

the “shell” warehouse database by making 

two exports: the first export picks up the 

Oracle system schemas (rows=Y), and the 

second export picks up the empty user 

schemas (rows=N).

Partitioning

2GB File Limit

We alleviate a lot of the management head-

aches incident to the 2GB file limit through the 

use of “place holder” files.  A place holder file is a 

data file that is added to a tablespace, autoextend 

on, initial size 1k, max size 2GB.  For growth 

tablespaces, we recommend maintaining two to 

three empty placeholder data files.  This allows 

the tablespace to grow unattended beyond 2GB 

while still respecting the 2GB data file limit.

TEMP Tablespace Strategy
Consider two TEMP tablespaces:

1. The default TEMP tablespace on a 4 to 8GB 

RAM drive.  This 

might require 

limiting reporting 

job concurrency to 

avoid an overrun of 

the RAM drive’s 

capacity, as ad-hoc 

(non DBA-reviewed) 

reports are more 

likely to result in 

TEMP sorts.

2. The second TEMP 

tablespace is on 

physical disk.  This 

House of Brick continues to stand behind our 

recommendation that customers avoid creating  

database files larger than 2GB, regardless of your 

hardware or operating system.  We’ve seen too 

many Oracle performance and stability alerts over 

the years for data files larger than 2GB.  We ran 

into two more >2GB file problems during the last 

two months, one related to 8i Data Guard, and 

the second a problem that corrupted a database 

at a customer site.  If you need a terrabyte 

tablespace, HoB recommends you build that 

using 500 2GB data files.

Continued on Page 4
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is a DBA-qualified sort area, for DBA-

reviewed queries whose sorts don’t fit in the 

RAM DRIVE.  This tablespace is auto-

extensible.

If your box has 32GB or more of RAM, consider:

• Memory I/O is 15,000 times faster than un-

buffered disk I/O

• Not enough cash to buy disk for zillions of 

indexes to cover every imaginable access 

path?  Recoup some of that lost index perfor-

mance by putting TEMP sorts in RAM.

Rollback Segments

• 4MB extents

• Create one rollback segment per two to three 

concurrent reports.

• Pre-allocate the rollback segments at 80-

320MB (helps avoid ORA-01555 “Snapshot 

too old” errors.

• Set OPTIMAL to the segments’ pre-allocated 

size

• Consider setting rollback segments default to 

BUFFER POOL RECYCLE.  In decision 

support, 

you’re not 

going to be 

rolling back 

transactions 

The RAM-based TEMP tablespace is actually 

quite easy to instantiate on most operating 

systems.  Once the TEMP tablespace data file has 

been created in RAM, make a cold copy of it to 

disk.  When the box starts up, use a script to 

create the RAM drive, copy the TEMP tablespace 

data file into the RAM drive, then start up the 

database.  Oracle will do whatever TEMP 

tablespace recovery it needs to do (if any with a 

no-logging tablespace) when it starts up.

Here are some default HoB rollback segment 

configuration recommendations for decision 

support:

BUFFER_POOL_DEFAULT

BUFFER_POOL_KEEP

BUFFER_POOL_RECYCLE

DWHS_RBS01

DWHS_RBS02

DWHS_RBSnn
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or accessing rollback for query consistency.  

So create and use a small RECYCLE buffer 

pool to keep DSS rollback segment blocks 

out of your regular db buffer cache.

Index Management
Having many performance indexes works well in 

decision support, in contrast to the OLTP guide-

line of no more than five indexes per table.  

There’s no performance hit to having a huge 

index count, since no index updates take place 

outside of the warehouse refresh cycle.

Building indexes in batch will give you better 

performing indexes with a smaller footprint.  It 

also uses less overall elapsed time and system 

resource to re-build the indexes.

9i’s new index monitoring allows identification 

of non-used indexes.  Deleting those will save 

index maintenance time and storage.

9i’s new Skip Scan feature allows Oracle to 

leverage a concatenated key index even though 

the column Oracle needs is not the first column 

in the key.  Performance on Skip Scan is not quite 

as good as hitting the first column in the index, 

but it is surprisingly good.  From a storage 

management perspective, Skip Scan might allow 

you to reduce the number of indexes in your 

warehouse, saving index maintenance time and 

storage.

Don’t forget the 2% rule: The default assump-

tion is that you’re better off doing a full table scan 

if your query’s result set returns more than 2% of 

a table’s rows.  Do the math with your block size 

and table’s average row length.  On a table with 

200 rows per block, if you return more than 2% of 

the rows and the optimizer selected an index, you 

might discover you’ve pulled most all the table’s 

blocks into the db buffer cache anyway.  At that 

point, there’s no reason to endure dual I/O to 

index keys, row ID lookups and non-sequential 

table block reads – just scan the full table.
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Extent Management

Block Size

In looking at your extent count per segment 

(table or table partition), keep the extent count as 

small as possible.  Low extent counts are still 

possible when a warehouse is partitioned by 

month.  HoB’s performance target for OLTP still 

applies to DSS: five to ten extents per year per 

segment is optimal.  

9i’s locally managed tablespace storage default 

is AUTO ALLOCATE.  We recommend you 

override that to UNIFORM extent management.   

AUTO ALLOCATE on a locally managed 

tablespace behaves similarly to setting a seg-

ment’s  PCT_INCREASE to a value larger than 

zero.  As the tablespace’s extents multiply, the 

incremental extent size becomes very large, which 

can lead to significant fragmentation.  We recom-

mend you stick with UNIFORM extent manage-

ment unless you have a specific technical justifi-

cation for doing otherwise.

9i now has the ability to establish multiple block 

sizes within the same database.  HoB recommends 

still maintaining 8K as the DSS database’s default 

block size.  Why?  Because the data dictionary still 

has very small row lengths and all recursive SQL 

access to it is keyed unique.  Consider placing star 

schema dimension (lookup) tables in smaller, 8K 

block tablespaces, and fact (history) tables in larger 

16K or 32K block tablespaces.

If your warehouse is fairly normalized, think twice 

about large block sizes.  We’re persuaded that 

functionality should take precedence over perfor-

mance in warehouse architecture.  A fairly normal-

ized warehouse facilitates standardization and 

therefore creation of and data flow to additional 

data marts (with all data marts residing outside the 

warehouse – Bill Inmon’s position).  Normalization 

also facilitates data mining implementation, which 

can be fairly expensive if not anticipated in ware-

house design.  Also, there’s a greater probability 

that performance can be engineered after-the-fact 

into a warehouse than functionality and standard-

ization.  And most reporting ought to be taking 

place over the performance-optimized data marts 

anyway, not the warehouse.

Larger block sizes might not do that much for 

performance.  Remember the init.ora parameter 

DB_FILE_MULTIBLOCK_READ_COUNT causes 

Oracle to read ahead a certain number of data 

blocks any time it does a full table scan, therefore 

mitigating some of the impact of running with a 

smaller 8K block size.  In HoB’s performance 

clinic experience, block size has been very low on 

the list of system stack tuning opportunities.  

We’ve seen modest performance improvement by 

adjusting block size, usually after all other 

tuning opportunities have been addressed.

Loaded data in a warehouse should be static.  

You never update it.  You never delete rows out of 

it, other than when you’re rolling a years-old 

partition off a table to archive.  You never correct 

it, other than by loading a subsequent adjustment 

transaction with a new time stamp.  Since the 

rows aren’t updated, there is no need to use 

PCT_FREE to reserve a 

percentage of each 

data block for rows that 

expand through 

updates.  Therefore, we 

recommend setting 

PCT_FREE=0 on your 

data warehouse tables.

Non-storage Performance Topics

PCT_FREE

Now you wouldn’t expect us to write an article 

regardless of the topic, without commenting on 

performance issues, would you?

Bind Variable Peek
Until Oracle9i, histograms have been incompat-

ible with bind variables.  Oracle implemented 

Bonus, 
online-only
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histograms to further guide the optimizer regard-

ing index columns containing highly skewed data 

distributions.  The problem has been that the 

optimizer can’t utilize the histogram with a bind 

variable because it doesn’t know the value of the 

query predicate at parse time.  Oracle9i’s new 

Bind Variable Peek provides the optimizer a view 

of the predicate value at parse time.  9i Data 

Warehouses therefore benefit from the combined 

performance advantages of bind variable-enabled 

queries and histograms over highly skewed 

column data distributions.

Cost-based Optimizer
Make sure you have init.ora set to one of the 

cost-based optimization parameters: ALL_ROWS 

(your default assumption for DSS) or 

FIRST_ROWS.  Hash joins, which are a big deal 

for warehouse performance, require the cost-

based optimizer.  Hash joins are an efficient 

middle ground between Nested Loops and Merge 

Join access paths.  Also make sure to set 

STAR_TRANSFORM_ENABLED = TRUE.

BUFFER_POOL_KEEP
Consider the BUFFER_POOL_KEEP storage 

default for warehouse lookup tables and star 

schema dimension tables.  Lookup and dimen-

sion tables are excellent candidates to be cached 

for two reasons: 1. they are usually significantly 

smaller than fact tables, and 2. it is more proba-

ble that lookup and dimension table rows will 

need to be queried more frequently than fact 

table rows.

As-needed Table/Index Analysis
The DBMS_STAT package now provides table 

monitoring functionality.  The idea is if the table’s 

data hasn’t changed beyond a configurable 

percentage threshold, don’t waste system 

resources re-analyzing the table.  When analyzing, 

ESTIMATE SAMPLE 30% will give optimizer 

statistics within 2% accuracy of COMPUTE, and 

in a fraction of the analysis time.

Conclusion
There’s a lot about Warehouse implementation 

and storage management that varies significantly 

from operational systems.  Look for more articles 

and seminars from House of Brick on 

Warehousing implementation.

• Building the Data Warehouse (3rd ed.) – Bill 

Inmon.  A conceptual and project checklist 

must for management and technicians, by the 

father of data warehousing.  Excellent list of 

articles and white papers in “References” 

appendix.

• The Data Warehouse Tool Kit: The Complete 

Guide to Dimensional Modeling (2nd Ed) – 

Ralph Kimball, Margy Ross

• Essential Oracle8i Data Warehousing: 

Designing, Building, and Managing Oracle 

Data Warehouses – 

Gary Dodge, Tim 

Gorman.  This is a 

technician’s book.

• Oracle8i Data 

Warehousing – 

Corey, Abbey, Taub, 

Abramson

• Data Warehousing: 

Using the Wal-Mart Model – Paul Westerman.  

Write-ups on corporate business intelligence 

initiatives are hard to come by – people don’t 

want to reveal their secrets to competitors.  It 

would appear that Wal-Mart knows they are so 

far ahead of their competitors that they don’t 

mind disclosing their business intelligence 

story.

• Oracle9i Data Warehousing Guide - Release 2 

(9.2).  Part of the free, downloadable Oracle 

soft-copy documentation (technet.oracle.com).  

Reading List
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