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It isusually impractical to give
every developer or tester afull
size copy of the production
database.

Using full size development
and test databasescan bea
disadvantage.

Test Database Generation
and Management

Overview

Smdl versons of large Oracle databases are often required for

devel opment, testing and training. Such databases must be far smdler
than the origind and yet il form a salf-contained system composad of
data that is rdevant, interrdated and complete.

This paper examines the many issues associated with the creation of
referentialy correct subset databases. The DataBee software tool, which
can automate the subset database crestion procedure, is aso discussed.

| ntroduction

The demands of business today are such that the Sze and complexity of
databases is continudly increasing. Coupled with this ever increesing
Szeisacontinuing need for new goplications to process the data.

Therein lies the problem. Once a database exceeds a certain Sze it
becomes very expensive (in both money and time) to provide full sze
copies of the origina database for the purposes of development, testing
and training. Condder the codt - just intime - to replicate, test againg,
backup or recover afull szed copy of your production system. Add to
this the costs of storage and backup media

Many organizations resolve this problem by creating far fewer copies
(often only one) of the production database than are redlly needed and
then ask the development and testing teams to share its usage. Needless
to say, this approach quickly becomes an exercise in diplomecy. The
trouble soon garts: the deve opers collide with one another, the testers
overwrite each others data and everybody squabbles because they have to
wait for atime dot.

Databases required by training or application development teams rarely
need to befull 9ze - in fact full Sze databases can be adrawback. Often,
dl that isrequired isasmdler verson of the database thet fathfully
replicates the structure and content of the larger database. Truth be
known - developers, testers and trainers don't like to work on full size
copies of production databases as it dows them down. They dso hate
sharing.

Net 2000 Ltd. http://www.DataBee.com
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What development and test
teamsreally need is
referentially correct subsets of
theproduction database.

Manually creating referentially
correct subset databases can be

a“black hole” which consumes
unlimited DBA hours.

Automated tools can createthe
subset databases.

Development and testing teams need smdl copies of the production
database. Creeting these smd| databases manudly can be complex - itis
not good enough to populate a smdller database with a sample of data
taken randomly from each table. To do so might provide a database
smdler than the origind by the desired amount, but the data would be
meaningless. For example, such a database might have invoices without
customers, customers with no addresses and so on.

Manualy extracting a set of data that is meaningfully interrelated without
taking too much, leaving any out or having duplicate recordsis
surprisngly hard to do. The reasons for thiswill be discussed in detall

later in this paper but atypicd experience isthat unlessthe schemalis
extraordinarily smple manud procedures for creating referentialy

correct subset databases quickly become a descent into PL/SQL hell. Due
to the complexity of the task, manudly creeted subsets are dmost dways
a compromise with some foreign key congraints left disabled or some
tables containing rows that do not have supporting rows in other tables.

Cresting referentidly correct database subsats manudly is not the only
option. There are software gpplications which can automete the cregtion
process. Probably the most sophidticated example of such atoadl isthe
DataBee software distributed by Net2000 Ltd.

Summary of Development and Test Database
Creation Options

For mogt organizations the avallable options for creating development
and testing databases are:

?? Makefull Size copies and suffer the resource cogts or accept the
redlity of potentia conflicts between the database users.

?? Manudly create referentidly correct database subsets and expend
large amounts of DBA effort in creating what will probably be a
“best effort” compromise, usng acombination of SQL scripts.

?? Useatool.

Net 2000 Ltd. http://www.DataBee.com
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Before You Begin: Plan Your Subset Database

If you are going to creste a subset database the first questions you will
want to ask are: “who will be using the database” and “what information
do they need to seeinit”. These are important issues, and the answers
will largely define the content and focus of the created subset.

Beforeyou begin, find out who Knowledge of what the end users will be using the subset database for

wants the subset database and will help you define the primary table (or tables) on which the subset will

what they want to useit for. befocused. The prl mary tableisdso known asthe “inOt” table.
Typicdly, abase st of data rows are retrieved for the pivot table and the
remaining tables in the schema are populated with rows which are related
to the rows contained in the pivot table. These relationships, asthey
cascade down through the dependent tables, are what will provide the
subset database with the desired referential correctness.

An example:

Asauming the development team was implementing improvements to the
invoicing system, the INVOICE table might be alogica choicefor a
pivot table. Taking 10% of the INVOICE table could provide the base
dataand the CUSTOMER, INVENTORY and INVOICE_LINE tables
would be populated with data relevant only to the rows currently sdected
for the INVOICE table. Carrying the concept onto the next stage, tables
related to the CUSTOMER table (an ADDRESS teble for example)
would then be populated with rows rdevant only to the cusomersin the
subset. In this manner, the content of the subsst ADDRESS tableis
populated with datawhich is only indirectly related to the origind
INVOICE table but is fill referentialy meaningful within the subset.

Another example:

The previous example assumed that the INV OI CE table was to be the
pivot for the subset. What if, after some discussion, it was determined
that the development team redlly needed a subset database conssting of
certain representative customer types. The previous approach would

Changing the pivot tableis probably not guarantee that the CUSTOMER table would be populated
often a better way of changing with a dedrable diversity of data. Rather than go through the exercise of
the data content of the subset adjusting the base data for the INVOICE table to somehow pull adesired
schema. range of customers, it would be far better smply to change the pivot table

to CUSTOMER. The CUSTOMER table could then be populated, (by
whatever criteriais desired) and the INVOICE table would be populated

with rows containing invoices rdevant to the cusomers. All dependent
tables for the INVOICE table would then be populated as before.

The choice of the pivot table for the subset databbase can draméticaly
change the data content of the subset database. A highly desirable fegture
of any subset cregtion mechaniam is the ability to change the pivat table
without requiring acomplete re-write of the crestion software.

Net 2000 Ltd. http://www.DataBee.com 3
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It should bepossibleto
populate the pivot table using
multiplecritera.

If you do not know the
relationships between the
tablesin the schema you will
probably need towork with
someonewho does.

Choose Your Base Data

Once you have decided on the choice of pivot table, the next gepisto
define the base data that will form the content of the pivot teble. This
issue requires careful condderation, as the end users will not be ableto
develop or test for Stuations whichare unsupported by the data content
of the subset schema.

An example:

The deve opment team wish to develop anew invoicing sysem — but the
ubsat database, dthough referentidly correct, only contains examples of
three indugtrid customers. Thus, their screens and reports are hard to test
because they have only aminima amount of datato work with.

Idedly a subsat database creation system should be able to use multiple
criteriato populate a pivot teble. For example, it should be posshble to
populatethe pivot table with a sample of data (20% of dl rows). It should
a0 be possble to populate via a date range and then again via specific
WHERE dausssin a SELECT gstatement. Of course, such multiple
queries have an extremdy high probability of returring some of the same
rows. The subset database creation system should be able to filter out
such duplicates without requiring amanua remova SQL run, or the
formulation of the base table creation gatement in a complicated mullti-
joinor SQL UNION gatemennt.

Practical Consderations

In order to create a populated subset database you will need afull sze
database to act asthe data source. Also required will be a subset database
with an empty but appropriately sized schema.

Find a Person that K nows the Schema

Populating a subset database— ether manudly, or by building it with an
automeated tool — isal about being aware of the meaning of the datain
the tables.

The next sep will look a the importance of determining the rdationships
between tables and discuss ways in which these associations might be
discovered. However, it must be emphasized that when identifying table-
to-table rdaionships there is no subdtitute for working with someone
who redly knows the schemawell.

Sometimes that person may not be the DBA. Database Administrators
work with the schema from the viewpoint of maintenance and support
and may not dways know in grest detail how the tebles are related.
Sysems andydts, testers and devel opers are often the people who
gpproach the database from the standpoint of table relationships.

Net 2000 Ltd. http://www.DataBee.com
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All rowsinserted into the
subset database must be
related totherowsalready in
place. Thisiswhat creates
thereferential correctness of
the subset.

Foreign Keys (if they exist)
areoneof theeasiest
methods of discovering a
table-to-tablerelationships.

Relationship M echanics

Oncethe pivot tableis loaded, dl new rows inserted into the subset
database must be rdated somehow to the datain this“driving” teble. If
thisis not the case, then the incoming datawill not be referentidly
relevant. This requirement necessarily forms a parent-child rdationship
between the tables. The parent table with rows dreedy in the subset
needs supporting rows to be inserted in the child. Conversdy the child
table mugt obtain rows from the full size database but sdect only those
related to the rows dready in the parent.

In other words, in order to populate the subset database table you will
eventudly have to congtruct a select stiatement (either manudly or by
proxy through an automeated tool) which sdects rows from the child table
on the full Sze database and inserts them into the subset schema. The
rows sdected from the full Sze child table must be rdated to the rows
dready in the parent table in the sUbset database and the rdaionshipisa
gandard join between one or more columns. The exact methodology of
the select can be performed in any one of anumber of different ways: via
database links, temporary tablesetc..

An example:

Consder asmpletwo table system. The parent table on the subset
database isthe INVOICE table which has 100 rows. These invoices were
pulled from the much larger table on the full Sze system and are dl
identified by a unique invoice number. The INVOICE table s the parent
and it requires supporting rowsin the child INVOICE_LINE teble. These
rows must be relevant to the 100 invoices dready present. Pseudo code
for the SQL insart satement would look as follows:

I NSERT i nto SUBSET. | NVO CE_LI NE
(select * from FULLSIZE | NVO CE_LI NE FS
where FS. | NVO CE_NUMBER | N
(sel ect I NVO CE_NUMBER from SUBSET. | NVOI CE) ) ;

Finding Table-to-Table the Reationships

Finding the relationships between tables can be quite difficult. Here are
Some suggestions.

Follow the Foreign Keys

Theforeign keys (if present) intrinsicaly define relationships between
tables. Each one of the foreign keys defines arelationship which
absolutely must be supported. If the rowsin the foreign key parent table
are not present in the subset database the foreign keys will not engble.
Thelogic of foreign keys can be reversed (for the purposes of cregting a
Subset database) so if there is dready datain the INVOICE table the
foreign key rdationship can be used to condruct a population statement
for the INVOICE_LINE table — even though the condraint redly works
in the oppogite direction.

Net 2000 Ltd. http://www.DataBee.com 5
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Similarity between column

names can also be a useful

techniqueto discover table-
to-tablerelationships.

ER Diagramsare a good
sour ce of relationships.

Thereisreally no substitute
for aknowledgeable person
when designing a subset
database.

If you are manudly creating a subset database, then it might be possible
to automate the creation of extraction SQL statements based on the
foreign keys. An automated subset creetion tool should be able to read
the foreign key condraints from the database schema and build
population SQL gatements (or whatever mechanism is used) in an
automatic manner.

Column Similarity

Many schemas have the referentid integrity implemented & the
goplication leve rather than in the foreign keys. One useful way to find
table rdaionshipsisto find tables with the same column names. For
example, it is probably areasonable assumption that every table with a
EMP_ID column can reasonably be expected to be related to each other
viathat column. Of course, thisis not dwaysthe case — but itisan area
worth investigating. Manudly such an exploraion requires alarge
number of sdects onthe USER TAB_ COLUMNS view. An automated
tool should provide a point and dick solution.

ER Diagrams

Many table-to-table relaionships should be determingble from an ER
diagram —if it exists. Experience suggests that & many stesthisisnot a
very ussful option because the ER diagrams, if they exigt & dl, ae
usudly not kept up-to-date.

Knowledgeable Person

One of the mogt useful ways of discovering table-to-table rdaionshipsis
to ask a person knowledgeable in the schema. Unless this person has
been specificaly tasked with the job of helping you build the subset
schema, you will find yoursdf using up goodwill & rapid rate. A ussful
way of maintaining harmonious relaionsisto creste alig of tablesin the
ubset that are dready populated (using rules you have figured out
yoursdlf) and alist of tablesthat have no rows. Then ask the schemaguru
“Are any of these empty tables joinable to any of these non-empty ones?”
If you are cresting the subsat manually you will have to create the table
and row count ligts yourself. An automated tool should be ableto

generate such ligs for you.

Net 2000 Ltd. http://www.DataBee.com 6
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You can populateall at once
or usean iterative method.

Duplicaterowsareamajor
issue which must be coped
with when populating subset
schemas.

Population M echanics. Actually Doing It

There are two fundamentd gpproaches to the population of subset
databases. Thefirgd method isto determine dl of the desired reaionships
and to run the SQL extraction code in the required order. The second
method is to develop the subset population mechanism incrementaly
through a populate, see what you get, add arule and repopulate
procedure.

Thefirs method (al a once) is probably more ussful when manualy
creating subsats. When one is doing the subsat population manualy the
task isso complex it ign't redlly practica to pursue an iterative approach.

Iterative development of the extraction routines should be the preferred
option and is possible with automated subset creation toals. It is dso the
most desirable gpproach since they hide most of the complexity from

you. With automated tools, such as the DataBee software, you would add
only one or two rules per trid and perform a sample population to sesethe
effect. The newly populated tables can activate previoudy inactive table-
to-table relaionships (perhaps put in place to support foreign keys) and
cause the popuation of numerous other tables.

An automated subset creation tool should let you browse the relationships
currently in place between tables. In addition, it should let you see which
tables are involved in the mogt rdaionships. By far the mogt effective
way to build a subset database is to figure out how to populate those
frequently referenced tables using the rows from tables in the subset
database that are dready populated. Once rows are placed in such tables,
the rdationships they are involved in should cause the automatic
population.

Subset Population | ssues

There are a number of issues that need to be consdered during the
population of a subsat database. These issues should be taken care of in
an automated subset cregtion tool. However, they are some of the
primary sources of trouble when cregting subsets manualy.

The Duplicate Row Problem

It is quite common for a child table to have two or more parents. This
means that the child will need to contain rows that support dl of the
parent rows in each parent table. The problem arises because the child
table is generaly loaded separatdy for each parent table. Of course,
many of the rows required to support one parent table will be duplicates
of the rows required to support another.

Theduplicate rows cannot remain in the child teble — at the very least
they will prevent you from enabling any primary keys. There are redly
only two available options to resolve this matter. The duplicate rows can

Net 2000 Ltd. http://www.DataBee.com 7
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be removed manudly or the populaion SQL query hasto bewritten to
join againg dl parent tables. Either way is dow and introduces yet
another step into what is dready a complex process. An automated subset
cregtion tool should be aware of the rows it dreedy has for atable and
automaticaly sft out duplicates (ether by discarding them asthey arrive
or by not requesting them in the first place).

The Circular Path Problem

When populaing subset schematablesit is usud to focusin on only two
tables at any one time — a parent table and a child table. Thissmpligic
viewpoint can have some unusud sde effects.

Thetable-to-table rdationships in mogt schemas are very complex. Itis
quite common to have circular paths of parent-child reaionships. For
example: table A needs supporting rows in table B, table B needs

Thecircular path problem supporting rows in table C and table C needs rows from table A. Circular

caUSeS new rowsto appear in path relationships can have quite large numbers in the chain and because

tablesyou have alr eady . . .

processed the dependents tables can require supporting rows from more than one child table one

for. sees a complicated array of multiple interlinked table-to-table
relationships.

The effect of this complexity isthat new rows may well gppear in tables
you previoudy thought you had completely processed. For example, you
may well have populated table A and retrieved supporting rows for dl of
table A’s children. Later on, some other table-to-table rdationship will
treet table A asachild and add afew more rowsto it.

The newly added rows in table A will not have supporting rowsin that
tables children. The arriva of new rows must be noted and the child
tables must again be populated to contain supporting rows for the
incoming table A rows. Of coursg, it is undesirable to completely
repopulate the child table in its entirety — the optimum solution isto only
perform afetch for the new rows. In any case, duplicate rows are sure to
arrive and will need to be removed.

It isthe Circular Path Problem that makes manudly creating subset
databases S0 difficult. The whole procedure quickly becomes an iterative
process in which tables and their dependent chains (and the dependents
of the dependents) must be processed until every table has the rows
required to support everything ese. An iterative process as described
aboveis practicdly impossble to manage manudly.

The Self-Referential Relationship Problem

The self+eferential Tables can have atable-to-table relationship with themsdves Thisis
relationship problem can most often seen in sHf-referentid foreign key condraints. Theoreticaly
cause many thousands of thereis no redl problem with saif-referential relationships —they are just

iterationsif not handled

properly. another table join. However, in practice, saif-referentia relationships

cause ameassive number of iterations to be performed. Since the parent

Net 2000 Ltd. http://www.DataBee.com 8
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The creation of subset

databases should form part
of a production process.

Creating the empty schema
for thesubset databaseisa
resolvableissue.

and child tables are the same on each run, populaing the child dso
populates the parent. Then the Circular Path Problem begins and the new
parent record must then be processed for its own children. Depending on
the database design these iterative chains can be tens of thousands of

linkslong.

SAf-referentid relationships should be identified (either manualy or by
the automated tool you are usng) and the norma SQL population
mechanism should be replaced with a CONNECT BY PRIOR or smilar
functiondity. Thiswill prevent massve amounts of iteration as the sdlf-
referentia relationship chains are followed.

A Production Process

Once you have crested a subset database for the development and test
teams you will probably find thet they like it so much they want ancther.
Of coursg, if things haven't changed dl that much in the full Sze verson
you can prabably just clone the existing subset or restore it from a
backup somewhere. But what do you do if there have been mgor
changes in data content on the origind full Sze databass? The point of
having a subset database is that it should be afathful, referentidly
correct smdl copy of the origind. The only option isto cregte anew
copy of the subset database. This is where automated tools redly
become useful. A manud procedure will take roughly the same amount
of time each timeit is used. An automatedtool might require
configuration in order to creste the first subset database, but subsequent
runs should be a push button operation.

Schema changes are dso an issue — if the schema structure changesin
the full size database, then the subsat databases derived from it will dso
need to change. Idedlly the creation process should be robust enough to
cope with schema changes without mgjor rewrites of the software. This
istrue for both manua and automatic subset database crestion solutions.

Creating the Subset Schema DDL

The discussion up to this point has focused on the population of the

tables in the subset database. There is another relevant issue — and thet is
the cregtion and Szing of the empty subset schema prior to population.
Theissueis more complex than it seems It isnot possibleto do asmple
export and import because the tablespace and storage clauses of the DDL
in the subset would be the same Size asin the source database.

Typicaly subset databases need a dramatic reduction in the number of
tablespaces and the remova or modification of the storage clause DDL.
This can be done manudly — however, avery popular solution isthe free
DBATool software (http://mww.DataBee.com/dt_home.htm) developed
by Net 2000 Ltd (hitp:/Mmww.DataBee.conv). The DBATo0 isdesgned
to provide asmple, easy and reproducible method of creating the DDL
of subset database schemas including tablespace folding and storage
clause manipulation.

Net 2000 Ltd. http://www.DataBee.com 9
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The DataBee software
creates subset databases.

DataBee containsa suite of
useful toolsfor discovering
table-to-tablerelationships.

DataBee supportsmultiple
pivot tablesand a variety of
basetable population
measur es.

The many troublesomeissues
surrounding duplicate rows
and relationship complexity
are handled automatically by
DataBee.

DataBeeformsatrue
production processand
creating subset databasesisa
smple push button

oper ation.

A DataBee White Paper

Subset Creation Software

The previous discussion outlined the mgor issuesinvolved in the
cregtion of a subset database. A number of references were made to
automated subset cregtion software. These tools are designed to Smplify

the process of creating subset databases and are intended to diminate
most problems for you. One such software tool is DataBee.

DataBee

The DataBee software is an automated tool that creates referentialy
correct subsets of large Oracle databases. It was specificaly designed to
address the issues discussed in this paper.

Configuration

Aswith any subset creation software, DataBee requires configuration
before use. However, DataBee contains the tools to discover table-to-
table reationships and reedily lends itsdlf to a step-by-step devel opment
gpproach.

Base Data and Pivot Tables

The DataBee software tool supports multiple pivot tables and these
tables can be populated with an unlimited number of SQL queries.
Duplicates are autometically removed.

Duplicate, Circular Path, and Sdf-Referential Problems

DataBee handles the Duplicate Row, Circular Path and Sdf-Referentid
problems automaticaly. Y ou, as the user, never have to remove
duplicates— it isdl done automaticaly. In addition, if new rows are
added to tables aready processed DataBee will automatically and
efficiently handle the fetch of the rows for dependent tables. DataBee
works like a bdance — it iterates through the relationships and makes
sure every table in the subset contains the rows to support the other
tables.

A True Production Process

DataBee provides atrue production process. Oncetheinitia
configuration has been performed, the creation of subset databasesisa
push button operation. With DataBee, it is Smple and essy to cregte as
many high quality subset databases asis required.

More information and free eva uation downloads of the DataBee
software can be found on the DataBee Web site at:
http://Mmww.DataBee.com The free DBATooal for the cregtion of the
empty subset schema DDL can be found at
http://Mmww.DataBee.com/dt home.htm

Net 2000 Ltd. http://www.DataBee.com 10



