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;
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* 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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When these data sets go into sec-
ondary extents, performance suf-
fers. Without a DASD manage-
ment tool, the only way to moni-
tor secondary extents is to peri-
odically examine LISTCAT out-
put. This is a tedious exercise.
Additionally, the mannerin which
DB2 allocates space can result in
the inefficient use of DASD. Of-
ten, space is allocated but DB2
does not use it. A DASD manage-
ment tool is the only answer for
ferreting out the amount of allo-
cated space versus the amount of
used space. DASD management
tools often interface with other
DB2 and DASD support tools such
as standard MVS space manage-
ment tools, database analysis
tools, DB2 Catalog query and
management tools and DB2 util-
ity JCL generators.

DB2 Table Editors

The only method of updating
DB2 data is with the SQL data
manipulation language state-
ments DELETE, INSERT and
UPDATE. Because these SQL
statements operate on data a set
at a time, multiple rows—or even
all of the rows—can be affected by
a single SQL statement. Coding
SQL statements for every data
modification required during the
application development and test-
ing phase can be time-consum-
ing.

A DB2 table editing tool re-
duces the time needed to make
simple data alterations by pro-
viding full-screen edit capability
for DB2 tables. The user specifies
the table to edit and is placed in
an edit session that resembles
the ISPF editor. The data is pre-
sented to the user as a series of
rows, with the columns separated
by spaces. A header line indicates
the column names. The data can
be scrolled up and down as well as
left and right. Tochange data, the
user simply types over the cur-
rent data.

This type of tool is ideal for

supporting the application devel-
opment process. A programmer
can make quick changes without
coding SQL. Also, if properly
implemented, a table editor can
reduce the number of erroneous
data modifications made by be-
ginning SQL users.

Following are a few words of
warning pertaining to the use of
table editors. Remember that the
table editor is issuing SQL in the
background to implement the re-
quested changes. This can cause
a lag between the time the user
updates the data and the time the
data is committed. Table editor
updates usually are committed
only when the user requests that
the data be saved or when the
user backs out of the edit session
without canceling.

Remember too that table edi-
tors can consume a vast amount
of resources. Ensure that the tool
can limit the number of rows tobe
read into the editing session. For
example, can the tool set a filter
such that only the rows meeting
certain search criteria are read?
Can a limit be set on the number
of rows to be read into any one
edit session? Without this capa-
bility, large tablespace scans can
result.

Remember that a DB2 table
editor should be used only in the
testing environment. End users
or programmers might request
that a table editor be made avail-
able for production data modifi-
cation. This should be avoided at
all costs. The data in production
tables is critical to the success of
your organization, and should be
treated with great care. Produc-
tion data modification should be
accomplished only with thor-
oughly tested SQL or production
plans.

When a table editor is used,
all columns are available for up-
date. Thus, if a table editor is
used to change production data, a
simple mis-keying can cause un-
wanted updates. Native SQL

should be used if you must ensure
that only certain columns are
updated.

One final note: Tested SQL
statements and application plans
are characterized by their
planned nature. The modification
requests were well thought out
and tested. This is not true for
changes implemented through a
table editor.

DB2 Object Migration Tools

DB2 does not provide a fea-
ture to migrate DB2 objects from
one subsystem to another. This
can be accomplished only by
manually storing the CREATE
DDL statements (and all subse-
quent ALTER statements) for fu-
ture application in another sys-
tem. Manual processes such as
this are error-prone. Also, this
process does not take intoaccount
the migration of table data and
DB2 security.

DB2 object migration tools
facilitate the quick migration of
DB2 objects from one DB2 sub-
system to another. They are simi-
lar to a table altering tool but
have a minimal altering capabil-
ity (some interface directly with
analtertool or are integrated into
a single tool). The migration pro-
cedure usually is driven by ISPF
panels that prompt the user for
the objects to migrate.

Migration typically can be
specified at any level. For ex-
ample, if you request the migra-
tion of a specific database, you
could also migrate all dependent
objects and security. Minimal re-
naming capability is provided
such that database names, au-
thorization IDs, and other objects
arerenamed according tothe stan-
dards of the receiving subsystem.
When the parameters of the mi-
gration have been specified com-
pletely, the tool creates a job
stream to implement the re-
quested DB2 objects in the re-
quested DB2 subsystem.

A migration tool reduces the
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time required by database ad-
ministrators to move DB2 data-
bases from environment to envi-
ronment (for example, from test
to production). Quicker turn-
around results in a more rapid
response to user needs, thereby
increasing the efficiency of your
business. Typically, migration
tools are the second DB2 tool that
an organization acquires (right
after a DB2 Catalog query prod-
uct).

Operational Support Tools

Many avenues encompass
operational support in a DB2 en-
vironment, ranging from stan-
dards and procedures to tools that
guarantee smoother operation.

One type of operational sup-
port tool provides online access to
DB2 standards and procedures.
These tools are commonly popu-
lated with model DB2 standards
and procedures that can be modi-
fied or extended. Tools of this
nature are ideal for a shop with
little DB2 experience that wants
to launch a DB2 project. As the
shop grows, the standards and
procedures can grow with it.

Another type of product de-
livers online access to DB2 manu-
als. With this tool, you avoid the
cost of purchasing DB2 manuals
for all programmers, and DB2
information and error messages
are always available online. In
addition, analysts and DBAs who
dial in to the mainframe from
home canreference DB2 manuals
online.

Standard batch DB2 pro-
grams run under the control of
the TSO terminal monitor pro-
gram, IKJEFTO01. Another opera-
tional support tool provides a call
attachinterfacethatenablesDB2
batch programs to run as a stan-
dard MVS batch job without the
TSO TMP.

DB2, unlike IMS, provides no
inherent capability for storing
checkpoint information. Tools
that store checkpointinformation
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which can be used by the program
during a subsequent restart are
useful for large batch DB2 appli-
cations issuing many COMMITs.

One final type of operational
support tool assists in managing
changes. Typically, these tools are
integrated into a change control
tool that manages program
changes. Change control imple-
mented for DB2 can involve ver-
sion control, plan and package
management, and ensuring that
timestamp mismatches (SQL-
CODE -818) are avoided. Some
tools can even control changes to
DB2 objects.

PC-Based DB2 Products

Personal computers are ev-
erywhere nowadays. Most data
processing professionals have one
on their desk. Most end users do
too! As such, the need to access
DB2 from the PC is a viable one.
Data requests originate from the
PC workstation. The tools sends
the requests to the mainframe for
processing.

When processing is finished,
the data is returned to the PC and
formatted. These types of tools
typically use a graphical user in-
terface with pull-down menus and
point-and-click functionality.
These features are not available
on mainframe products.

Anotherincreasingly popular
approach to developing DB2 ap-
plications is to create a similar
environment on the PC. This can
be done using a PC DBMS that
works like DB2 and other similar
PC products that mimic the main-
frame (COBOL, IMS/TM, CICS,
JCL, etc.)

Quite often, tools that can be
used in a straight PC environ-
ment can also be used in a client/
server environment.

Plan Analysis Tools

The development of SQL to
access DB2 tables is the responsi-
bility of an application develop-
ment team. With SQL’s flexibil-

ity, the same request can be made

in different ways. Because some

of these ways are inefficient, the
performance of an application’s

SQL could fluctuate wildly unless

it is analyzed by an expert before

implementation.

The DB2 EXPLAIN command
provides information about the
access paths used by SQL queries
by parsing SQL in application
programs and placing encoded
outputintoaDB2PLAN_TABLE.
To gauge efficiency, a DBA must
decode the PLAN_TABLE data
and determine if a more efficient
access path is available.

SQL code reviews are re-
quired toensure that optimal SQL
design techniques are used. SQL
code walkthroughs typically are
performed by a DBA or someone
with experience in SQL coding.
This walkthrough must consist of
reviews of the SQL statements,
the selected access paths, and the
program code in which the SQL is
embedded. It also includes an
evaluation of the RUNSTATS in-
formation to ascertain whether
production-level statistics were
used at the time of the EXPLAIN.

Aline-by-line review of appli-
cation source code and EXPLAIN
output is tedious, prone to error,
and can cause application back-
logs. A plan analysis tool can
greatly simplify this process by
automating major portions of the
codereview process. A plan analy-
sis tool typically can:

* Analyze the SQL in an applica-
tion program, describing the
access paths chosenin a graphic
format, an English description,
or both;

» Issue warnings when specific
SQL constructs are encoun-
tered. For example, each time a
sort is requested (by ORDER
BY,GROUPBY, or DISTINCT)
a message is presented inform-
ing the user of the requisite sort;

* Suggest alternative SQL solu-
tions based on an “expert sys-
tem” thatreads SQL statements
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and their corresponding
PLAN_TABLE entries and
poses alternate SQL options;

¢ Extend the rules used by the
“expert system” to capture site-
specific rules;

* Analyze at the subsystem, ap-
plication, plan, package, or SQL
statement level; and

¢ Store multiple versions of EX-
PLAIN output and create per-
formance comparison and plan
history reports.

Currently, no tool can ana-
lyze the performance of the CO-
BOL code in which the SQL is
embedded. For example, consider
an application program that em-
beds a single SELECT inside a
loop. The single SELECT requests
a single row based on a predicate,
checking for the primary key of
that table. The primary key value
is changed for each iteration of
theloop such that the entire table
is read from the lowest key value
to the highest key value.

A plan analysis tool probably
will not flag the SQL statement
because the predicate value is for
the primary key, which causes an
indexed access. It could be more
efficient to code a cursor, without
a predicate, to retrieve every row
of the table, then fetch each row
one by one. This method might
use sequential prefetch or query
I/O parallelism, reducing I/0 and
elapsed time and thereby enhanc-
ing performance. This type of de-
sign problem can be caught only
by atrained analyst during a code
walkthrough. Although a plan
analysis tool significantly reduces
the effort involved in the code
review process, it cannot elimi-
nate it.

Two features that are re-
quired for any plan analysis tool
are that it must be capable of
interpreting standard DB2 EX-
PLAIN output and it must auto-
matically scan application source
code and PLAN_TABLEsS, report-
ing on the selected access paths
and the predicted performance.

Performance Monitors

Performance monitoring and
tuning can be one of the most
time-consuming tasks forlarge or
critical DB2 applications. DB2
performance monitoring and
analysis tools support many per-
formance-oriented requests in
many ways. For example, DB2
performance tools can operate:
¢ In the background mode as a
batch job reporting on perfor-
mance statistics written by the
DB2 trace facility;

In the foreground mode as an

online monitorthateithertraps

DB2 traceinformation using the

instrumentation facility inter-

face or captures information
from DB2 control blocks as DB2
applications execute;

¢ By sampling the DB2 and user
address spaces as the program
runs and by capturing informa-
tion about the performance of
the job independent of DB2
traces;

* By capturing DB2 trace infor-
mation and maintaining it in a
history file (or table) for produc-
ing historical performance re-
ports and for predicting perfor-
mance trends;

* As a capacity planning device
by giving the tool statistical in-
formation about a DB2 applica-
tion and the environment in
which it will operate; or

¢ Asan after-the-fact analysis tool
on a PC workstation for analyz-
ing and graphing all aspects of
DB2 application performance
and system-wide DB2 perfor-
mance.

DB2 performance tools sup-
portone or more of these features.
The evaluation of DB2 perfor-
mance monitorsisacomplextask.
In some companies, more than
one performance monitor is used
at a single site.

DB2 Performance
Enhancing Tools

Performance is an important
facet of DB2 database administra-

tion. Many shops dedicate several
analysts to tweaking and tuning
SQL, DB2 and its environment, to
elicit every performance enhance-
ment possible. If your shop falls
into this category, several tools on
the market enhance the perfor-
mance of DB2 by adding function-
ality directly to DB2. These DB2
performance toolscaninteract with
the base code of DB2 and provide
enhanced performance. Typically,
these products take advantage of
known DB2 shortcomings.

For example, products exists
which:

* Enable DSNZPARMs to be
changed without recycling DB2;

¢ Enhance the performance of
reading a DB2 page; and

¢ Enhance DB2 bufferpool pro-
cessing.

Care must be taken when
evaluating DB2 performance
tools. New releases of DB2 may
reduce the need for these tools
because functionality was added
or a known shortcoming was cor-
rected. However, this does not
mean that you should not con-
sider performance tools. They can
pay for themselves after only a
short period of time. Discarding
the tool when DB2 supports its
functionality is not a problem if
the tool has already paid for itself
in terms of better performance.

One final caution: Because
these tools interact very closely
with DB2, be careful when mi-
grating to a new release of DB2 or
a new release of the tool. Extra
testing should be performed with
these tools because of how they
interact with DB2.

DB2 Programming and
Development Tools

Many tools enhance the DB2
application development effort.
These DB2 programming and
development tools can:

* Enablethe testing of SQL state-
ments in a program editor as
the programmer codes the SQL;

* Perform predictive performance
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estimation for programs and
SQL statements;

¢ Explain SQL statements in an
edit session;

* Generate complete code from
in-depth specifications. Some
tools even generate SQL. When
code generators are used, great
care should be taken to ensure
that the generated code is effi-
cient before promoting it to pro-
duction status; and

¢ Use 4GLs that interface to DB2
and extend the capabilities of
SQLtoinclude procedural func-
tions (such as looping or row-at-
a-time processing).

Due to the variable nature of
the different types of DB2 pro-
gramming tools, they should be
evaluated case by case.

QMF Enhancement Tools

A special category of tool, sup-
porting QMF instead of DB2, au-
tomatically creates COBOL pro-
grams from stored QMF queries.
QMTF provides a vehicle for the ad
hoc development, storage, and
execution of SQL statements.
When an ad hoc query is devel-
oped, it often must be stored and
periodically executed. Thisis pos-
sible with QMF, but QMF can
executeonly dynamicSQL. It does
not support static SQL. A method
of running critical stored queries
using static SQL would be benefi-
cial, because static SQL gener-
ally provides better performance
than dynamic SQL.

QMF enhancement tools con-
vert the queries, forms, and procs
stored in QMF into static SQL
statements embedded in a CO-
BOL program. The COBOL preo-
gram does all the data retrieval
and formatting that is performed
by QMF, providing the same re-
portas QMF would. However, the
report is now created using static
SQL instead of dynamic SQL,
thereby boosting performance.

Query Tools
DB2 provides the SPUFI
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query tool bundled with the
DBMS. Most organizations find
SPUFI inadequate, however, in
developing professional, format-
ted reports or complete applica-
tions. It can be inadequate also
for inexperienced users or those
who want to develop or execute ad
hoc queries.

QMF addresses each of these
deficiencies. The capability to for-
mat reports without program-
ming is probably the greatest as-
set of QMF. This feature makes
QMTF ideal for use as an ad hoc
query tool for users.

Another feature is the capa-
bility to develop data manipula-
tion requests without using SQL.
QMF provides QBE and Prompted
Query in addition to SQL.

QBE, or Query By Example, is
alanguageinitself. The user makes
data manipulation requests
graphically by ceding keywords in
the columns of a tabular represen-
tation of the table to be accessed.

Prompted Querybuildsaquery
by prompting the end user for in-
formation about the data to be
retrieved. The user selects amenu
option and Prompted Query asksa
series of questions, the answers to
which are used by QMF to build
DML. Both QBE and Prompted
Query build SQL “behind the
scenes” based on the information
provided by the end user.

QMTF can also be used to build
application systems. A QMF ap-
plication accesses DB2 data in
three ways:

* Using the QMF SAA Callable
Interface from an application
program;

® Using the QMF Command In-
terface (QMFCI) in a CLIST to
access QMF; or

* Using a QMF procedure.

QMF provides many built-in
features that can be used by ap-
plication programs to reduce de-
velopment cost and time. For ex-
ample, QMF can display online
reports that scroll not only up and
down but also left and right. (Cod-

ing left and right scrolling in an
application programisnota trivial
task.) QMF can also issue the
proper form of dynamic SQL, re-
moving the burden of doing so
from the novice programmer.

Another benefit of QMF is
that you can use inherent QMF
commands such as EXPORT,
DRAW, and SET to accomplish
tasks that are difficult to perform
with a high-level language such
as COBOL.

QMF, however,is not the only
game in town. Other vendors pro-
vide different DB2 table query
and reporting tools that can be
used to enhance DB2’s ad hoc
query capabilities. Some of these
products are similar in function-
ality to QMF, but provide addi-
tional capabilities. They can:
® Use static SQL rather than dy-

namic SQL for stored queries;

* Provide standard query formats
and bundled reports;

* Provide access to other file for-
mats such as VSAM data sets
or IMS databases in conjunc-
tion with access to DB2 tables;

* Provide access from IMS/DC
(QMF is supported in TSO and
CICS only); and

* Execute DB2 commands from
the query tool.

Tools that operate on work-
stations and PCs are becoming
more popular than their main-
frame counterparts (such as
QMF). This is because the PC
provides an environment that is
more conducive to quickly creat-
ing areport from raw data. Using
point-and-click, drag-and-drop
technology greatly eases the re-
port generation process.

Finally, 4GLs are gaining
more and more popularity for ac-
cessing DB2 data. Though not a
typical type of DB2 add-on tool,
these products provide more func-
tionality than a report writing
tool, but with the GUI front-end
that makes them easier to use
than 3GL programming lan-
guages such as COBOL and C.
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4GL tools typically work in one of

three ways:

® Queries are developed using
4GL syntax, which then is con-
verted “behind the scenes” into
SQL queries;

¢ SQL is embedded in the 4GL
code and executed much like
SQL embedded in a 3GL; or

* A hybrid of these two methods,
in which the executed SQL is
either difficult or impossible to
review.

Referential Integrity Tools
Referential Integrity (RI) has
been available in DB2 since DB2
V2.1.However, it has always been
difficult to administer and imple-
ment. RI tools eliminate the diffi-
culty by:
¢ Analyzing data for both system
and user managed referential
integrity constraint violation;
¢ Executing faster than the IBM-
provided CHECK utility;
¢ Enabling more efficient imple-
mentation of RI constraints; and
¢ Enabling additional types of RI
to be supported; for example,
analyzing primary keys for
which no foreign keys exists and
deleting the primary key row
(pendant delete processing).

Security Tools

DB2 security is provided in-
ternally to DB2 with the GRANT
and REVOKE data control lan-
guage components of SQL. Using
this mechanism, authorization is
granted explicitly and implicitly
to users of DB2. Authorization
exits enable DB2 to communicate
with RACF, IBM’s mainframe
security management package.
This eases the administrative
burden of DB2 security by en-
abling the corporate data secu-
rity function to administer groups
of users. DB2 authorization then
is granted to the RACF groups,
instead ofindividual userids. This
decreases the volume of security
requests that must be processed
by DB2.

DB2'’s implementation of se-
curity has several problems. Para-
mount among these deficiencies
is the effect of the cascading RE-
VOKE. If an authority is revoked
from one user who previously
granted authority to other users,
all dependent authorizations also
are revoked.

This problem can be ad-
dressed by a DB2 security add-on
tool. These tools typically analyze
the effects of a REVOKE. These
tools enable the user to revoke
the authority and optionally re-
assign all dependent authority
either by storing the appropriate
GRANT statements toreapply the
authorizationsimplicitly revoked
or by revoking the authority and
automatically reapplying all im-
plicit revokes in the background.

These tools also provide other
functions. Consider the adminis-
trative overhead when DB2 users
arehired, quit, or are transferred.
Security must -be added or re-
moved. A good security tool en-
ables a user to issue a GRANT
LIKE command, which can copy
DB2 authority from one DB2 cb-
ject to another or from one user to
another. Suppose that a DBA is
transferred toanotherdepartment.
A security tool can assign all of
that DBA’s authority to another
user before revoking his authority.
Orsupposethatanew DB2tableis
created for an existing DB2 appli-
cation, and it requires the same
users to access its data as can
access the other tables in the ap-
plication. This type of tool en-
ables a user to copy all security
from one table to the new table.

There is one other type of DB2
security product. Rather than aug-
ment DB2 security, however, this
type of product replaces DB2 secu-
rity with an external package. First
let’s discuss its benefits.

The primary benefit is the
consolidation of security. If your
organization uses a security pack-
age from another vendor rather
than RACF for regular data secu-

rity, security administration for
regular data security and DB2
security can be consolidated in a
single unit. A second benefit is
that the cascading revoke effect
can be eliminated because MVS
data security packages donot cas-
cade security revocations.

The weaknesses of this type
of tool, however, far outweigh the
benefits. These tools do not con-
form to the rigorous definition of
therelational model, which states
that the DBMS must control se-
curity. Some do not provide all
types of DB2 security. For ex-
ample, INSTALL SYSADM isstill
required in DB2 for installation
of DB2 and DB2 Catalog and Di-
rectory recovery.

Another weakness is that if
the external security package
fails, DB2 data is unprotected.
Finally, these types of external
security packages do not use sup-
ported DB2 exit control points. As
such, they might be unable to
provide support for new releases
of DB2 in a timely fashion.

DB2 Online Standards
Manuals
Products exist which provide
“canned” standards for imple-
menting, accessing and adminis-
tering DB2 databases. These tools
are particularly useful for shops
new to DB2. By purchasing an on-
line standards manual these
shops can quickly come up-to-
speed with DB2.
However, mature DB2 shops
can alsobenefit from these types of
products if the third party vendor
automatically shipsupdates when-
ever IBM ships a new release of
DB2. This can function as cheap
training in the new DB2 release.
A product containing DB2
standards should:
¢ Provide online access via either
the mainframe or a networked
PC environment so all develop-
ers and DBAs can access the
manual;

¢ Be extensible, so additional
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standards can be added; and
* Be modifiable, so the provided

standards can be altered to suit
prior shop standards (naming

conventions, programming
standards, etc.).

Testing Tools

Testing tools enable an appli-
cation developer or quality assur-
ance analyst to issue a battery of
tests against a test base and ana-
lyze theresults. Testing tools typi-
cally are used for all types of ap-
plications, but some have been
specifically extended to support
testing against DB2 tables.

Utility Enhancement Tools
The DB2 CHECK, COPY,
LOAD, RECOVER, REORG and
UNLOAD utilities are notorious
for their inefficiency, sometimes
requiring days instead of hours to
operate on very large DB2 tables.
However, these utilities are re-
quired to populate, administer
and organize DB2 databases.
Several vendors provide sup-
port tools that replace the DB2
utilities and provide the same
functionality more efficiently. For
example, one vendor claims that
its REORG utility executes six to
10 times faster than the DB2
REORG utility. These claims
must be substantiated for the
applications at your organization,
but enough inefficiencies are de-
signed into the IBM DB2 utilities
to make this claim believable.
Before committing to an al-
ternate utility tool, be sure that it
conforms to the following require-
ments:
* Does not subvert the integrity
of the data in the DB2 tables;
® Minimally provides the same
features as the corresponding
DB2 utility. For example, if the
DB2 REORG utility can
REORG both indexes and
tablespaces, the enhanced
REORG tool must be able to do
the same;
¢ Does not subvert standard DB2

IDUG Solutions Journal * Issue 2, 1996

features, when possible. For ex-
ample, DB2 image copies are
maintained in the DB2 Catalog.
The enhanced COPY tool, there-
fore, should store its image copy
information there as well;

¢ Provides an execution time
faster than the corresponding
DB2 utility. For example, if the
DB2 LOAD utility requires 20
minutes to load a table, the en-
hanced LOAD tool should load
the same table in at least 10
minutes. (Of course, this should
not be a hard-and-fast rule.
Sometimes even a moderate
increase in processing time is
sufficient to cost-justify a third
party utility tool.); and

» Corrects the deficiencies of the
standard DB2 utilities, when
possible. For example, the DB2
LOAD utility will not load data
in sequence by the clustering
index. The enhanced tool should
provide this capability. Another
example is the COPY utility.
Until DB2 V2.3, the COPY util-
ity could not take dual image
copies with one pass. Tool ven-
dors provided this capability
and sold many copies of their
enhanced COPY utility as a re-
sult.

When testing utility tools
from different vendors, ensure
that you are conducting fair tests.
For example, always reload or
recover prior to resting REORG
utilities or you may skew your
results due to different levels of
tablespace organization. Addi-
tionally, always run the tests for
each tool on the same object with
the same amount of data.

Utility Management Tools
One last category of DB2 tool
is the utility manager. This type
of tool provides administrative
support for the creation and ex-
ecution of DB2 utility jobstreams.
These utility generation and man-
agement tools can:
¢ Automatically generate DB2
utility parameters and JCL;

* Monitor DB2 utilityjobs as they
execute;

¢ Automatically schedule DB2
utilities when exceptions are
triggered; and

* Restart utilities with a mini-
mum of intervention. For ex-
ample, if a utility cannot be
restarted, the tool automatically
issuesa-TERM UTIL command
and resubmits the utility.

Miscellaneous Tools

Many types of DB2 tools are
available. The categories in this
article cover the major types of
DB2 tools, but not all tools can be
easily pigeonholed. For example,
consider a DB2 table space calcu-
lator. It reads table DDL and in-
formation on the number of rows
in the table to estimate space re-
quirements. A space calculator
often is provided with another
tool such as a DASD manage-
ment tool or a database design
and modeling tool.

Synopsis

Third party add-on tools can
significantly improve the effi-
ciency of DB2 application devel-
opment. When evaluating prod-
ucts, look for features important
to your organization. Consider
adopting checklists for product
comparisons based upon the fea-
tures discussed in thisarticle. And
remember, although DB2is a fan-
tastic RDBMS, it leaves quite a
bit to be desired in the adminis-
tration, data access, performance
monitoring and application de-
velopment areas.
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