Tools for a Comprehensive DB2
Environment

DB2, as offered by IBM, is a
complete, full-function RDBMS.
An organization can install and
use DB2 as delivered, but will
quickly recognize that the func-
tionality needed to adequately
support large-scale DB2 develop-
ment is not provided sufficiently
by DB2 alone.

The administration and main-
tenance of DB2 applications is
time-consuming if you use the
standard features of DB2. Fortu-
nately, many tools that enhance
the functionality of DB2 are avail-
able from third party vendors.
These tools ease the administra-
tive burden and reduce the possi-
bilities of database error.

The true need for these tools
becomes apparent simply by re-
viewing the sheer number of prod-
ucts that are available. Most DB2
shops implement at least one or
more add-on tools for DB2. Of
these, QMF and DB2-PM are
among the most popular provided
by IBM. Many more tools from
other vendors fill market niches
not adequately supported by IBM.
Following is a rundown of the
categories of products.

DB2 Object Altering Tools
DB2 provides the capability
to modify the structure of exist-
ing objects using the ALTER DDL
statement. The ALTER state-
ment, however, is a functionally
crippled statement. You should
be able to alter all of the param-
eters that can be specified for an
object when itis created, but DB2
does not support this. For ex-
ample, you can add columns to an
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existing table (only at the end),
but you can never remove col-
umns from a table. The table must
be dropped, then re-created with-
out the columns targeted for re-
moval.

Another problem that DBAs
encounter in modifying DB2 ob-
jects is the cascading drop effect.
If a change to a tablespace man-
dates its being dropped and re-
created (for example, changing
the limit keys of a partitioned
tablespace), all dependent objects
are dropped when the tablespace
isdropped. Thisincludes all tables
in the tablespace, all indexes on
the tables, all primary and for-
eign keys, any related synonyms
and views, and all authorization.

Ensuring that the DDL is is-
sued after the modification to re-
verse the effects of cascading drops
can be a tedious, complex and
error-prone procedure.

Additionally, many types of
DB2 object alteration cannot be
performed using the generic DB2
ALTER statement. For example,
you:

* Cannot change the name of a
database, table, alias, view, col-
umn, tablespace, or index;

* Cannot change the database in
which the tablespace exists;

* Cannot change the number of
tablespace partitions;

e Cannot remove a tablespace or
index partition;

e Cannotchange tablespace type,
for example changing a simple
tablespace to a segmented or
partitioned tablespace;

¢ Cannot copy primary and for-
eign keysusing CREATE LIKE;

this command creates a new
table based on only the columns
of another table;

Cannot move a table from one
tablespace to another;

Cannot rearrange column or-
dering;

Cannot change a column’s data
type and length;

Cannot remove columns from a
table;

Cannotchange the primary key
without dropping and adding
the primary key;

Cannot add to a table a column
specified as NOT NULL;
Cannot add any columns to a
table defined with an
EDITPROC;

Cannot change a table’s
EDITPROC or a column’s
VALIDPROC;

Cannot create a view based on
another view;

Cannot add columns to a view
orremove columns from a view;
Cannot change the SELECT
statement on which the view is
based;

Cannot create an index based
on another index;

Cannot change theindexing col-
umns;

Cannot change the partition-
ing information;

Cannot change the uniqueness
specification of an index;
Cannot change the clustering
of an index;

Cannot change the number of
index subpages;

Cannot change the index order
(ascending or descending);
Cannot create an alias based on
another alias;

]
tn



26

* Cannot change the location of
the alias; and

* Cannot change the table on
which the alias is based;

This list helps provide the
justification needed to obtain an
alter tool (and this is not an ex-
haustive list). An alter tool pro-
vides an integrated environment
for altering DB2 objects. The bur-
den of ensuring that a changetoa
DB2 object does not cause other
implicit changes is moved from
the DBA to the tool.

At a minimum, an alter tool
should:

* Maintain tables easily without
manually coding SQL;

¢ Retain orreapply all dependent
objects and security affected by
the requested alter if a drop is
required;

* Navigate hierarchically from
object to object, making alter-
ations as you go;

* Provide panel-driven modifica-
tion showing before and after
definitions of the DB2 objects
before the changes are applied;

¢ Batch requested changesinto a
group that execute in the fore-
ground or the background;

* Analyze changes to ensure that
the requested alterations donot
violate any DB2 DDL rules. For
example, if a series of changes
is requested and one change
causes a subsequent change to
be invalid (an object is dropped,
for instance), this should be
flagged before execution;

* Have a controlled environment
in which alters are executed;
and

* Possess the capability to moni-
tor changes as they are applied.

Auditing Tools

An audit is the examination
of a practice to determine its cor-
rectness. DB2 auditing software
therefore should help in monitor-
ing the data control, data defini-
tion, and data integrity in the
DB2 environment. Several
mechanisms provided by DB2

enable the creation of an audit
trail, but this trail can be difficult
to follow.

The primary vehicle provided
by DB2 for auditing is the audit
trace. This feature enables DB2
to trace and record auditable ac-
tivity initiated by specific users.
When the DB2 audit trace is acti-
vated, the following type of infor-
mation can be captured to the
trace destination:
¢ Authorization failures;

* Grant and revoke SQL state-
ments;

* DDL issued against auditable
tables;

¢ DML issued against auditable
tables;

e Bind requests involving
auditable tables; and

* Authorization ID changes re-
quested by the SET CURRENT
SQLID statement.

Utility Executions
Anauditabletableis anytable
defined to DB2 with the AUDIT
clause of the CREATE TABLE
statement. There are three op-
tions for table auditing: NONE,
CHANGES and ALL. Specifying
AUDIT NONE, which is the de-
fault, disables table auditing such
thatthe audit trace doesnot track
that table. Specifying AUDIT
CHANGES indicates that thefirst
DELETE, INSERT, or UPDATE
statement issued against that
table in every application unit of
work (COMMIT scope) is re-
corded. AUDIT ALL records the
first DML statement of any type
accessing this table in each appli-
cation unit of work. Note, how-
ever, that this information is
tracked only if the appropriate
audit trace is activated.
Thisinformation is written to
the output trace destination speci-
fied for the audit trace. DB2 trace
records can be written to GTF,
SMF, or an OP buffer. After the
information has been written to
the specified destination, the prob-
lem of how to read this informa-

tion still exists. If you have DB2-
PM, you can run the appropriate
audit reports, but even these can
be insufficient for true auditing.

An audit tool should provide
fiveimportant features that DB2’s
audit tracing capability does not.
DB2 auditing requires a trace to
be activated, and this can quickly
become expensive if many tables
must be audited. The first feature
an auditing tool should provide is
the capability to read the DB2
logs, which are always produced,
and report on update activity as
needed. This reduces overhead
because it uses the regular pro-
cessing features of DB2 rather
than an additional tracing fea-
ture, which increases overhead.

The DB2 audit trace records
a trace record only for the first
statement in a unit of work. The
second feature of the auditing tool
is reporting all data modification
from the DB2 logs.

The DB2 audit trace facility
does not record the specifics of the
data modification. The third fea-
ture of an auditing tool is report-
ing who (by authorization ID)
makes each change, and also
showing a before and after image
of the changed data. The fourth
feature the auditing tool should
provide is the capability to report
on the DB2 audit trace data if so
desired. Finally, the auditing tool
should provide both standard re-
ports and the capability to create
site-specific reports (either from
the log or from the DB2 audit
trace data). If your shop has strict
auditing requirements, an audit-
ing tool can be quite useful be-
cause of DB2’s weak inherent
auditing capabilities.

DB2 Catalog Query and
Analysis Tools

The DB2 Catalog contains a
wealth of information essential to
the operation of DB2. Informa-
tion about all DB2 objects, au-
thority and recovery is stored and
maintained in the DB2 Catalog.
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This system catalog is composed
of DB2 tables, and can be queried
using SQL. The data returned by
these queries provides a base of
information for many DB2 moni-
toring and administrative tasks.
But coding SQL canbe a time-
consuming process. Often, you
must combine information from
multiple DB2 Catalog tables to
provide the user with facts rel-
evant for a particular task.
Add-on tools can ease the bur-
den of developing DB2 Catalog
queries. The basic feature com-
mon to all DB2 Catalog tools is
the capability to request DB2
Catalog information using a
screen-driven interface without
coding SQL statements. Analysts
can obtain rapid access to specific
facts stored in the DB2 Catalog
without the burden of coding

(sometimes quite complex) SQL.

DB2 Catalog tools that pro-
vide only this level of capability
are rudimentary tools at best.

Most DB2 Catalog tools provide

much more capability. Instead of

merely enabling data access,
many DB2 Catalog tools can do
one or more of the following:

* Create syntactically correct
DDL statements for all DB2
objects by reading the appro-
priate DB2 Catalog tables.
These statements are generally
executed immediately or saved
in a sequential data set for fu-
ture reference or use;

¢ Modify the “updateable” DB2
Catalog statistical columns us-
ing a non-SQL interface;

e Create syntactically correct

DCL statements from the DB2

Catalog in the same way that

DDL is generated;

Perform “drop analysis” on a

SQL DROP statement. This

analysis determines the effect

of the cascading drop by detail-
ing all dependent objects and
security that will be deleted as
aresult of executing the DROP;
¢ Provide a hierarchic listing of

DB2 objects. For example, if a
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specific table is chosen, the tool
can migrate quickly up the hi-
erarchy to show its tablespace
and database, or down the hier-
archy to show all dependent in-
dexes, views, synonyms, aliases,
referentially connected tables
and plans;
® Create and drop DB2 objects,
and grant and revoke DB2 se-
curity from a screen without
coding SQL. Additionally, some
tools log all drops and revokes
such that they can be undone in
theeventofaninadvertentdrop
or revoke execution; and
¢ Operate on the DB2 Catalog or
on a copy of the DB2 Catalog to
reduce system-wide contention.
These features aid the DBA
in performing his day-to-day du-
ties. Furthermore, a catalog query
tool can greatly diminish the
amount of time required for a
junior DBA to become a produc-
tive member of the DBA team.

Compression Tools
A standard tool for reducing
DASD costs is the compression

_utility. This type of tool operates

by applying an algorithm to the
data in a table such that the data
isencoded in a more compact area.
By reducing the amount of area
needed to store data, DASD costs
are decreased. Compression tools
must compress the data when it
is added to the table and subse-
quently modified, then expand the
data when it is later retrieved.

Third-party compressionrou-
tines are usually specified for DB2
tables using the EDITPROC
clause of the CREATE TABLE
statement. The load module name
for the compression routine is
supplied as the parameter to the
EDITPROC clause. A table must
be dropped and re-created to ap-
ply an EDITPROC.

In general, a compression al-
gorithm increases CPU costs
while providing benefits in the
areas of decreased DASD utiliza-
tion and sometimes decreased I/

O costs. This tradeoff is not ben-
eficial for all tables. For example,
if a compression routine saves 30
percent on DASD costs but in-
creases CPU without decreasing
1/0, the tradeoff is probably not
beneficial. A compression tool can
decrease DASD by reducing the
size of the rows to be stored. CPU
use usually increases because
additional processing is required
to compress and expand the row.
1/0 costs, however, could decrease.
Prior to DB2 V2.3, compres-
sion was unavailable using stan-
dard DB2features unless the user
coded an algorithm. As of V2.3,
DB2 provides a basic compres-
sion routine called DSNSHUFF.
However, most third party com-
pression tools provide more effi-
cient compression algorithms and
advanced analysis to determine
the costs and benefits of compres-
sion for a specific table. This
changed dramatically with DB2
V3. In fact, the internal compres-
sion capabilities of DB2 V3 will
probably reduce the need for most
third party compression tools
unless there are other features
that make the tool valuable. The
major advantage of third party
compression tools is that most of
the vendors provide multiple com-
pression algorithms for different
types of data. DB2 provides only
Ziv-Lempel compression.

Data Warehousing Tools

At times, multiple DBMSs co-
exist in data processing shops.
This is increasingly true as shops
embark on client/server initia-
tives. Additionally, the samedata
may need to be stored in each of
the DBMS products. In a mul-
tiple DBMS environment, the
movement of data from DBMS to
DBMS is a tedious task.

Data warehousing tools ease
the burden because the tool un-
derstands the data format and
environment of each DBMS it
works with. The warehousing
tool(s) that a shop chooses will
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depend upon the following fac-

tors:

* How many DBMS products
need to be supported?;

¢ To what extent is the data rep-
licated across the DBMS prod-
ucts?;

* Does the data have to be syn-
chronized across DBMS prod-
ucts?;

¢ Is the data static or dynamic?;
and

e If it is dynamic, is it updated
online, in batch; both?

The answers to these ques-
tions will help to determine the
type of data warehousing tool
necessary. Twobasic types of data
conversion tools are popular in
the market today.

Replication tools extract data
from external application systems
and other databases for popula-
tion into DB2 tables. This type of
tool can extract data from VSAM,
IMS, Oracle, flat files, and/or other
structures and insert the data
into DB2.

Propagation tools insert data
from external applications and
other database productsinto DB2
tables. A propagation tool is simi-
lar in function to a replication
tool. Propagation tools, however,
are active. They constantly cap-
ture updates made in the exter-
nal system either for immediate
application to DB2 tables or for
subsequent batch updating. This
differs from the extract tool, which
captures entire data structures,
not data modifications.

DB2-Related Client/Server
Tools

Client/server processing has
been very successful in recent
years because it provides a flex-
ible, distributed computing envi-
ronment and decreases reliance
on the mainframe. However, DB2
isalarge participantin the client/
server plans for many shops. Pro-
viding efficient access to large
amounts of data, DB2 MVS can
function as the ultimate database

server in a client/server environ-
ment.

This being the case, there are
many tools on the market that

caneasetheburden ofimplement-

ing and administering DB2 in a
client/server environment.
Middleware products and data-
base gateways that sit between
the client workstation and the
mainframe enable access to DB2
as a server. These products can
provide access to DB2 MVS as
well as access to other server
DBMS products (DB2/2, DB2/
6000, Sybase SQL Server, Oracle,
etc.). Additionally, many third
party ODBC drivers are being
made available to ease worksta-
tion access to mainframe DB2
data.

Another valid type of client/
server tool is a 4GL programming
environment that provides seam-
less access to DB2. These types of
products typically split the appli-
cation workload between the
workstation and the server aid-
ing the programmer to rapidly
develop DB2 client/server appli-
cations.

Database Analysis Tools

DB2 does not provide an in-
telligent database analysis capa-
bility. Instead, adatabase admin-
istrator or performance analyst
must keep a vigilant watch over
DB2 objects using DB2 Catalog
queries or a DB2 Catalog tool.
This is not an optimal solution
because it relies on human inter-
vention for efficient database or-
ganization, opening up the possi-
bility of human error, forgetting
to monitor, and misinterpreting
analyzed data.

Fortunately, database analy-
sis tools can proactively and auto-
matically monitor your DB2 envi-
ronment. This monitoring can:
® Collect statistics for DB2

tablespaces and indexes. These
statistics can be standard DB2
RUNSTATS information, ex-
tended statistics capturing

more information (for example,
data set extents), or a combina-
tion of both;

¢ Read the VSAM data sets for
the DB2 objects to capture cur-
rent statistics, read
RUNSTATS from the DB2
Catalog, read tables unique to
the tool that captured the en-
hanced statistics, or any combi-
nation of these three;

* Set thresholds whereby the au-
tomatic scheduling of a utility
isinvoked based on current sta-
tistics; and

® Provide a series of canned re-
ports detailing the potential
problems for specific DB2 ob-
jects.

Repositories

A repository stores informa-
tion about an organization’s data
assets. Repositories are used to
store metadata, or data about
data. They frequently are used to
enhance the usefulness of DB2
application development.

In choosing a repository, base
your decision on the metadata
storage and retrieval needs of your
entire organization, notjust DB2.
Typically, a repository can:

* Store information about the
data, processes and environ-
ment of the organization;

* Support multiple ways of look-
ing at the same data. An ex-
ample of this concept is the
three-schema approach, in
which data is viewed at the con-
ceptual, logical and physical
levels;

¢ Store in-depth documentation
as well as produce detail and
management reports from that
documentation;

* Support data model creation
and administration. Integration
with popular CASE tools is also
an important evaluation crite-
rion;

* Support change control;

¢ Enforce naming conventions;
and
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* Generate copy books from data
element definitions.

These are some of the more
common functions of a repository.
When choosing a repository for
DB2 development, the following
features generally are desirable:
* The data stores used by the

repository are in DB2 tables.
This enables DB2 applications
to directly read the data dictio-
nary tables;

* Therepositorycandirectlyread
the DB2 Catalog or views on
the DB2 Catalog. This ensures
that the dictionary has current
information on DB2 objects;

e If the repository does not di-
rectly read the DB2 Catalog, an
interface is provided to ease the
population of the repository us-
ing DB2 Catalog information;
and

* The repository provides an in-
terface to any modeling and
design tools used for the gen-
eration of DB2 objects.

This section has provided only
a brief overview of repositories.
An extended discussion of reposi-
tory technology is beyond the
scope of this article.

Database Modeling and
Design Tools

Database modeling and de-
sign tools donot have tobe unique
to DB2 design, although many
are. Application development
should be based on sound data
and process models. The use of a
tool to ensure this is a good prac-
tice.

Database modeling and de-
sign tools are often referred to as
CASE tools. CASE, or Computer-
Aided Software Engineering, is
the process of automating the
application developmentlife cycle.
A CASE too], such as a data mod-
eling tool, supports portions of
that life cycle.

Many excellent database de-
sign and modeling tools are not
specifically designed for DB2, but
can be used to develop DB2 appli-
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cations. Tools developed specifi-

callytosupport DB2 development,

however, add a dimension to the
application development effort.

They can significantly reduce the

development timeframe by auto-

mating repetitive tasks and vali-
dating the models. If your organi-
zation decides to obtain a CASE
tool that specifically supports

DB2, look for one that can:

® Provide standard features of
logical data modeling (such as
entity-relationship diagram-
ming and normalization);

* Create a physical data model
geared to DB2. This model
should support all features of
DB2, such as the capability to
depict all DB2 objects, referen-
tial integrity, VCAT and
STOGROUP-defined table-
spaces, and capacity planning;

* Provide an expert system to
verify the accuracy of the physi-
cal data model and to suggest
alternative solutions;

* Cross-reference the logical

model to the physical model,
capturing text that supports
physical design decisions such
as denormalization and the
choice of tablespace type;

* Automatically generate DB2-
standard DDL to fully imple-
ment the database defined in
the physical data model; and

* Interface with application de-
velopment tools and repository
products available to the orga-
nization.

DASD and Space
Management Tools

DB2 provides basic statistics
for space utilization in the DB2
Catalog, but the in-depth statis-
tics required for both space man-
agement and performance tun-
ing are woefully inadequate with
several critical elements missing.

Chief among the missing ele-
ments of DASD space manage-
ment in DB2 is the capability to
monitor the space requirements
ofthe underlying VSAM data sets.
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