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I received an urgent call from a company that needed help
to solve a performance problem. A $480 million trading

transaction had failed to complete, and with big money
comes heavy pressure. The DB2 component of this system
was assumed to be the problem. The customer had a number
of diagnostic tools available, and I was employed as part of a
troubleshooting task force.

In most organizations, all computer systems have an
explicit or implicit user requirement that response time be as
fast as possible (or at least satisfactory) and that key batch jobs
complete within expected elapsed times. A performance
management strategy for the DB2 environment can help
ensure that these goals are met.

Procedures for performance monitoring and tuning should be
developed so that problems can be identified and resolved
quickly. Performance management should include data gather-
ing, reporting, remedial strategies, and trend analysis to predict
future performance and capacity requirements as growth occurs.
These activities should help identify further opportunities for
tuning in areas such as system parameters and index placement.
Tools can help automate the identification of problems and guide
remedial efforts as well as further investigative procedures.

Historical data should be kept and analyzed for trending
purposes. Tracking this data allows management-level infor-
mation to be gathered and reported on a regular basis. It also
allows for identification of heavy users, particularly ad hoc
users, who may need training on the effective use of reporting
tools. If these users are approached within a day of the problem,
education or diagnosis is much more effective.

THE BUSINESS PROBLEM

The most important considerations for any application are
to provide business value and to obtain correct results. An
application is useless unless it effectively solves a business

problem. With staffing cuts and tight deadlines, performance
may not even be considered until the system is put into
production. Of course, it makes sense that satisfactory perfor-
mance be a requirement for the application. Poor performance
costs real dollars to the business in additional hardware, increased
CPU- or MIPS-based software costs, and lost productivity.

The objectives for tuning online systems are to optimize
resource usage and to provide acceptable response time. For
batch jobs, the goals are to achieve satisfactory run (elapsed)
time and to effectively utilize resources. All of these goals are
achievable for DB2 production applications.

Many times, a single SQL statement can be the source of a
performance problem. The SQL statement uses hundreds or
thousands of times more resources than it should. Such
statements are often obvious and easily identified as needing
attention. Of course, the diagnosis of the problem can some-
times be difficult.

Other DB2 problems are cumulative. They can consist of a
simple statement or series of modules that use as little as 20
percent more resources than they should. If this code is executed
frequently, it can be as devastating to system performance as a
more obvious problem that involves a single SQL statement.

THE DB2 PERFORMANCE PUZZLE: PROBLEMS
WITHIN THE APPLICATION ENVIRONMENT

My experience has been that when a DB2 application per-
forms poorly, people consider the DB2 coding and design
to be the culprits. While this might be the case, problems
can also exist in other areas of the application that have no
relationship to DB2. In monitoring and tuning applications,
it is important to have tools that both work within DB2 and
provide coverage for the entire application environment.

The second problem relating to the environment is the num-
ber of trained people needed to monitor the DB2 environment

Managing Application
Performance in the DB2

Environment

Awell-equipped DB2 tuning team must have a variety of tuning products available to solve DB2
problems and to identify problems that lie elsewhere. Performance monitoring for DB2

involves looking both inside and outside DB2 to determine where the problem lies.
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and the DB2 applications within a shop. Skilled people are always
at a premium, and often only those applications for which user
dissatisfaction becomes an issue receive the necessary attention. Proper
monitoring procedures supported by a good set of performance tools can
allow database administrators (DBAs) and tuning personnel to extend
their reach into the proactive realm beyond the obvious problems.

PROBLEMS WITHIN DB2

DB2 application programmers face challenges that do not exist
outside relational database management systems. These challenges
include set-level processing, a lack of direct control or influence
over the access path used by DB2, and the proper testing of SQL
statements for correctness. In a more DB2-oriented sense, each of
these topics is worthy of its own article, chapter or book; however,
several books on DB2 tuning are available.

One of the important features of relational database management
systems is non-navigation. Authors of SQL statements specify the
data they want, but DB2 chooses the method for its retrieval. DB2
chooses the optimal access path based on the indexes available, the
statistics in the catalog, and the formulas and assumptions within
the optimizer itself. DB2 even provides information on the access
path chosen via the EXPLAIN command or parameter.

While non-navigation allows casual users to have access to DB2
data with a reasonable expectation of performance, it makes the
situation more difficult for experienced professionals where perfor-
mance must meet operational targets. We cannot merely hope that
performance will be "good enough"; we must demonstrate that
online response time will be satisfactory and batch jobs will finish
within established batch windows.

Also confusing for new DB2 programmers is the concept of set
processing. Traditional programming languages work against files
on a record-at-a-time basis, whereas DB2, via SQL, can select,
update or delete multiple rows. SQL SELECT statements request
rows to be returned based on the selection criteria in the WHERE
clause. This means that the programmer should understand
enough about the application and its data to know the size of the
answer set that could be returned from a SELECT statement or
affected by an UPDATE or DELETE statement. Another factor
affecting performance is the number of rows that must be
retrieved and examined by DB2 to build the answer set for the
query. If the indexes within the physical design do not adequate-
ly support efficient access, DB2 may have to examine many rows
to see if they qualify.

THE REQUIREMENTS

As DB2 workloads increase, the requirements for DB2 system
and application tuning information become greater. More tuning
will be needed as applications reach production and other applications
experience continued growth. Performance problems will need to
be recognized and solved in a timely manner.

Some performance problems can be identified and diagnosed
while the transaction or job is running. Of course, the problem
transaction or job must remain active long enough for monitoring
tools to be used. If the problem transaction or job ends before diag-
nosis is complete, historical information should be kept to provide
a summary view of the transaction or job.

The Subtleties of DB2 Tuning Information

DB2 provides a wealth of tuning data. Some tuning parameters
can be reviewed on their own to determine whether performance is
satisfactory. Other tuning parameters must be considered as part of
a larger picture for the data to be meaningful.

Some DB2 performance problems can be easily identified; others
are less obvious. Users or developers report the obvious problems,
and investigation is started soon thereafter. Using performance data
that includes slower-running programs, and possibly locking problems,
might help them identify less obvious problems.

DB2 is very good about supplying information on events, but this
information can be interpreted in many ways. This means that DB2
tuning is an art for the DB2 DBAs and other tuners in your shop.

EXPLAIN is invaluable in understanding the access path; therefore,
the performance analyst must understand its meaning and know what
related information must also be obtained and reviewed to determine
what should be done to improve the access path. It does not provide
information on how to improve the access path or how to change the
physical design. An experienced DB2 tuner best does the interpretation
of EXPLAINs and the definition of any corrective action.

At one site, the EXPLAIN showed an access path using three
columns of an index that contained five columns. The cardinality
(number of distinct column values) could have been adequate to
narrow the search to a few rows, or it may not have been. In this
case, the first three columns had only 35 distinct values in a 2 mil-
lion-row table. Assuming average distribution, each value occurred
70,000 times. Of course, this is too many rows to display on an
online screen. Even with other search criteria, one would need to
scan the subset of 70,000 rows to build the answer. The experienced
DB2 tuner must consider MATCHCOLS during the tuning effort.

Problem diagnosis can be a lengthy process, dependent on the
type of problem, the number of times similar problems have
occurred, and the need to gather additional diagnostic information.
Many problems requiring investigation have a common starting
point. Automated processes allow for the regular monitoring of
application workloads. It should also be possible to schedule auto-
matic executions of these processes to provide detailed perfor-
mance information focused on potential problems.

Certain performance reports should be developed and made avail-
able to management personnel, showing daily, weekly and monthly
activity. Senior management will not need all reporting frequencies,
but they should be available on request. A major use of these reports
should be to review service levels and to look for performance trends.

Trend analysis reports are important for a number of purposes. If a
performance problem occurs, it is important to identify whether the
problem occurred because of an error, a recent change to some part of
the DB2 application or environment, or a gradual increase in workload.
For example, a spike in performance could indicate that a recent
change has impacted performance. Or, the trend analysis could instead
indicate that a less obvious situation might be affecting performance.
Performance could also be getting slower as a key table grows. Finally,
trend analysis provides input into the capacity planning process.

USING TOOLS TO MEASURE DB2 PERFORMANCE

A suite of tools is required for effective measurement of the var-
ious aspects of the DB2 environment. The tools should show the
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activity both inside and outside DB2. These
tools should include an online monitoring
capability, a batch performance facility, sub-
system tuning tools, an EXPLAIN tool, and
facilities to report at the package and SQL
statement level.

Online Monitors
Online monitors show the DB2 activity as

the work is being executed. The activity is
shown both at the DB2 subsystem level and
for each transaction and batch job. The
advantage of this type of monitor is that activ-
ity is shown in real time. This is important for
problems that are best diagnosed while they
are running, such as lock contention and
slow-running transactions.

There are several online monitors avail-
able. OMEGAMON for DB2 from Candle
Corporation, THE MONITOR for DB2 from
Landmark Systems Corporation, ACTIVITY
MONITOR and DB2 MANAGER from
BMC Software, and CA-INSIGHT from
Computer Associates International. All of
these products are capable of providing the
basic information needed to monitor DB2,
but each has its strengths. There are many
differences between products in the ease of
customization, the support for historical infor-
mation and the ease of drill-down information.

The disadvantage of online monitors is
that the data is lost when the transaction
completes, which means that a problem
transaction might end before the diagnosis
of the problem is complete. Most, but not
all, monitors overcome this disadvantage by
providing near-term history. Near-term his-
tory keeps a certain amount of information
available online about completed transac-
tions and jobs. This information is often
archived for use with the batch component.

Batch Reporting Tools
Batch reporting tools use records pro-

duced by DB2 or in conjunction with an
online monitor. The collected data is useful
for daily or monthly reporting and for
gathering history and summarizing it for
trend analysis. Some products use the DB2
statistics and accounting records written by
DB2 to SMF. Other tools use their own pro-
prietary records stored as history from the
online data collector or monitor component.
The main products in this area are MICS from
Computer Associates, MXG from Merrill
Consulting, and the batch components from
the online monitors mentioned previously.

Through the use of the regular reports, it
is possible to learn the characteristics of an
application. When a problem occurs or a
threshold is reached, the nature of the prob-
lem can be assessed. Is it the result of
unusually heavy activity? Did the workload
increase gradually to a point where capacity
was insufficient? What, if anything, has
changed to cause this problem? The
answers to these questions are crucial for
problem determination.

Package and SQL Statement Monitors
More recent DB2 tuning tools are those that

gather usage statistics at the package and SQL
statement levels. Some of these products are
integrated with online monitors or data collec-
tors. This type of product makes it possible to
pinpoint problem SQL statements based on the
amount of resources used by the package or
statement. DB2 object-level information may
be available to identify highly used objects or,
possibly, indexes that are not used at all.

The information from these types of tools is
quite detailed and provides some of the best
application information within the DB2 envi-
ronment. Products such as APPTUNE from
BMC Software and DETECTOR from
Computer Associates provide this information.

Subsystem Tuning Tools
Subsystem tuning tools measure the

resources used at the subsystem level. There
is no specific information collected at the
application level, although the level of DB2
activity can be obtained. Examples of sub-
system tools are Buffer Pool Tool from
Responsive Systems/IBM and Subsystem
Analyzer from Computer Associates. The
main purpose of these tools is to help the
systems programmer and DBA tune the
DB2 subsystem and allocate resources prop-
erly via settings within the DSNZPARM
parameter module and other system areas.

Buffer Pool Tool is scheduled as a batch
job to gather information specifically about
DB2 buffer pools and the access character-
istics of DB2 objects. The proper placement
of DB2 objects can result in real savings in
both elapsed and CPU time.

EXPLAIN Tools
DB2 produces information on the access

paths chosen by the DB2 optimizer via the
EXPLAIN command. The output from
EXPLAIN must be interpreted and correlated
with information from the DB2 catalog to
obtain a true picture of the cost of an SQL

statement. EXPLAIN tools help the DBA
and application programmer gather the infor-
mation and then provide recommendations
for improving the SQL code based on rules
contained in the tool. Examples of this type of
tool are PLAN ANALYZER from Computer
Associates, !DB EXPLAIN from Candle, and
SQL Explorer from BMC Software.

The advantage of this type of tool is that
it simplifies SQL review and can remove
some of the burden from experienced DB2
personnel. Such tools also enforce SQL
coding standards. However, many recom-
mendations are perceived as simplistic.

Tools That Work Outside of DB2
Tools that work outside of DB2, such as

Compuware Corporation's STROBE and CPT
Software's APC for STROBE, gather informa-
tion on transactions within online regions and
on batch jobs. They have DB2 components
that identify portions of the application's work
as being inside products, including CICS and
DB2. Although they gather minimal DB2
information for diagnostic purposes, they can
pinpoint problems down to the statement
level. Other diagnostic activities can then
focus on the poorly performing statements.
APC for STROBE further automates the
monitoring process by periodically scanning
system management facilities (SMF) data for
problem batch job steps. If a threshold is
exceeded, a STROBE monitoring session will
automatically be scheduled for the next time
the offending job step is run.

The Overhead of Monitors
Every monitor in OS/390 has CPU

overhead associated with it because it
executes CPU instructions. Of course, the
overhead varies based on the product and
the DB2 trace information needed to sat-
isfy the request. Some types of monitors
need to run continuously to gather perfor-
mance data.

Other monitors use information gathered
at peak or other key activity levels. Such
products include APC for STROBE,
STROBE and Buffer Pool Tool. These tools
are scheduled or submitted on demand to
gather information for later analysis.

APC for STROBE is unique in that it
runs periodically to analyze SMF data for
all included batch job steps. It includes a
query capability to allow selection of job
steps with heavy resource consumption.
Based on thresholds within the product, it
can automatically schedule detailed
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STROBE analysis of abnormally per-
forming batch job steps. Through use of
exception monitoring techniques via this
type of tool, the time, expense, and
unwanted exposure associated with a
high-profile performance problem can
often be avoided.

The Trading Problem
Going back to the trading problem I

identified at the beginning of this article, a
DB2-CICS transaction was started every
five minutes to further process the trades
that had just been entered. Some days, this
transaction would barely complete before
the next transaction was started. We used
all the DB2 tools at our disposal: online
monitors, batch reports and EXPLAIN
tools. Our investigation showed no sign of
a DB2 problem.

Using STROBE, we found that the problem
was a VSAM file used in the transaction. It
had been opened and closed for every row
returned from DB2. This meant that a key
transaction was opening and closing a VSAM
file for every row processed — normally
about 2,500 times every five minutes.

CONCLUSION

When performance gets slow, the DB2
component is the most obvious one to
blame, putting DB2 tuning personnel on the
defensive. A well-equipped DB2 tuning
team must have a variety of tuning products
available to solve DB2 problems and to
identify those problems that lie elsewhere.
Performance monitoring for DB2 involves
looking both inside and outside DB2 to
determine where the problem lies.

This article, which is an excerpt from a
White Paper, is available in its entirety by
sending your request to CPT Software via
fax (617) 254-8979 or email info@cptsoft-
ware.com.
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