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Abstract

A key to a successful installation is capacity planning. The approach to capacity planning is sig-
nificant -- especially with multiple systems and on-line applications. Many installations can no
longer navigate by their wake. Topics discussed include business requirements, DP implementation
and service time, and capacity planning system design.

A more detailed treatment of some of these techniques can be found in Capacity Planning and
Performance Management Methodology, GG22-9288-0.

Abstract ii



























The introduction of business elements is probably the most significant “new” technique. This began
in the mid to late 70’s. Resource consumption by itself without a breakdown by business element
is not adequate for many capacity planning situations -- because different parts of the business are
changing in different ways. Planned growth in many of today’s system needs to be driven by
business element projections rather extrapolating past consumption.

Another technique that is required for analyzing response time is the breakout of transaction rate
and service time as individual variables. Their product is utilization. Even if you do not analyze
response time itself, knowing whether a change in utilization was due to a change in service time
or a change in transaction rate is helpful. Alternatives for “fixing” service time are very different from
alternatives for “fixing” transaction rate. (You do not “fix” utilization.)

Today’s data processing systems are actually queueing systems. This means that in many cases
statistics and queueing models can be used to help analyze and project performance (capacity). In
the old batch systems, performance was determined by the detailed characteristics of one or a few
jobs and queueing models were of little or no help. Some “overnight batch” requirements still fit
this mold.

Capacity planning has several faces. The level of analysis should be suited to structure and impor-
tance of the workload. It does not make sense to do an extensive analysis on an unimportant
workload that has questionable data. For workloads that “run the business” whatever analysis is
required to get the answers 1s the level of analysis that makes sense.
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EACH QUADRANT REQUIRES TOOLS AND TECHNIQUES FOR
DATA COLLECTION, DATA REDUCTION, AND DATA ANALYSIS.

For an important production workload (often IMS or CICS), “technical capacity planning” may
be appropriate. Business plans and response time to the end-user should be a part of the analysis.
For a less important workload, a utilization and trend analysis may be sufficient. For a new im-
portant workload with fuzzy data and fuzzy user requirements, a pilot test may be the right answer.
Common sense plays a significant role in capacity planning. You are allowed to use common sense
in deciding what to analyze and to what depth.

Data collection tools and techniques are usually an integral part of the particular operating system
-- such as the SMF records in an MVS system. For data reduction and data analysis, there are lots
of individual tools. Choose tools and techniques that are commensurate with the capacity planning
job to be done. You may want to write some code yourself to tie some of the output together. Net
reports on the data that is important to your operation may be very helpful (i.e., productive). Other
considerations include a performance data base and business element tracking. Tracking business
element drivers will require an extra effort. They are probably not in an SMF record. Benchmarks
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are seldom used today because it is not practical to benchmark the total system, and the purpose
of a benchmark is (was) to learn how things “really” fit together in the total system.
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NOTE: See vour IBM Representative for additional tools.

Who can do capacity planning? What are the skills? Many of the tasks are the same old tasks that
installations have been doing. These include collecting and analyzing measurement data for hard-
ware, software and systems. There are some newer tasks. Working with business planning and user
requirements is an important part of capacity planning. A capacity planner should develop a general
knowledge of what the users are doing and what facilities in the DP system are important to them.
A little common sense sometimes goes a long way. The capacity planner also needs to work with
the user groups to develop service level agreements -- we will come back to this later. Still another
area is performance evaluation for application development. More than once, application develop-
ment performance estimates have fallen short of what was needed and what was practical, jeop-
ardizing the whole project. Queueing is a relatively new discipline to DP support organizations.
Consideration should be given to upgrading skills in this area. System measurements, business
planning, and modeling are basically three disciplines. The best approach may be three people. In-
dividual differences can be so great that each installation needs to decide what scope of capacity
planning is right and what individuals are right.

There are several basic concepts in capacity planning. First, there really is a business plan. Some
installations are so isolated that they have no detectable relation to the business plan. This should
be changed. If the users know when the system is down, then we (the installation DP support)
should know what that means to them in their terms. Indeed, there is a business plan, and, if we
are not part of the plan, we are probably part of the problem. Average transactions do not have
response time requirements. Business elements have response time requirements -- otherwise we
would not have to complete the transaction. Business elements direct how the data should be
structured. Data by business element allows us to talk about expected values for transaction rate,
service time, and response time. Expanding these topics, however, goes beyond the scope of this

paper.
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Basic queueing systems topics include:

Probability density function

Probability distribution function

Moments of a distribution

Mean, coefficient of vanation, vanance, standard deviation
Little’s Law

The concept of independent (vs dependent) events
Exponential distribution, Poisson process and distribution
Erlang density functions

M/M/1, M/G/1, and M/M/M server equations

The concept of closed system (limited queue or population)
Jackson’s theorem (network of single servers with exp. distr.)
Stationarity (of a distribution)

Random process

Expected value

Knowledge and skill in these areas can help you analyze your on-line DP system.
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Knowledge of the business and common sense may actually play a more important role in analyz-
ing response time.

Response time estimate:
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Next consider the transaction rate requirement. The transaction rate requirement for a workload
is best built from experience (tracking). This transaction rate is a composite of the “average user”
transaction rate and the concurrent users for this workload. The concurrency includes the number
of users, number of terminals, time zones, user habits, the phase of a project, recent business ac-
tivity (and business patterns), customer activity, ... For each workload, look for transaction rate
patterns. There often is a time of day pattern. For program development, there may be time of day
and phase of project patterns. In some cases there may be four or five patterns that make up the
composite transaction rate. If these patterns can be found, the result 1s simpler analysis and a
smaller “data base” for capacity planning data. With stable patterns we need only the patterns and
an average value to describe the transaction rate requirements. Check the transaction rate data pe-
riodically to ecvaluate that the patterns have not changed -- or make adjustments accordingly.
Transaction rate data should be tracked continuously. The amount of history that is kept depends
on what the installation needs for making decisions.
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Note that for tape, a good resource to model is the Control Unit. The system performance bottle-
necks (or lack thereof) are often at the CU. Decisions on number of drives may be separate and
depend on the number of drives per job, job elapsed time, concurrent jobs, operator and tape li-
brary efficiency, and maintenance requirements. We probably don’t want all that in the same model
as queueing for the CPU, etc. The divide-and-conquer approach can be very effective, but the
“divisions” must be carefully and properly chosen.

So far the discussion has been on service measurement data. What if the workload does not exist
yet? There is no one answer here -- and do not expect perfection. A good way to start is with the
non-paging [0’s per transaction. This measure should have relevance to the application designer
-- it should have logical value and meaning. What data does the transaction need and how many
10’s is that? In some cases a physical IO 1s not required. Can that be estimated? Probably it can.
Next, drawing upon “similar” workloads, estimate CPU per IO and a real storage working set. If
real storage is managed, demand pages per transaction can be estimated. In some cases, estimating
virtual storage is appropriate.

The result of the service time calculations 1s a service time table.

........ WORKLOADS wease-- NUMBER
RESOURCES 01 02 03 - SERVERS

MAX WKLD CONCUR'CY

REAL STORAGE WS
DPAGES/TRAN ...
SWAPS/TRAN ...
PAGES/SWAP ...
VOLSERXx ......

VOLSERxx ...... —

COMMUNICATIONS
USER THINK TIME
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different) response time. Note that demand pages per transaction is the most sensitive variable for
evaluating working set size. This is not as easy to see in the measurement data as before because
trim algorithms in current releases of MVS allow real storage to distribute in proportion to need.
Some of the older algorithms trimmed just to be tidy. Consider using Storage Isolation for non-
swap ASIDs. Do not do Storage Isolation without a real storage map. Last, allow some frames for
each Domain with swappable ASIDs. Calculate the working set size (WSS) for each workload. The
WSS together with the concurrency (MPL) required for performance determine the real storage
requirements for the swappable workloads. In general, do not mix swappable ASIDs and non-swap
ASIDs mn the same Domain.

Track virtual storage usage. Maintain an analysis of virtual storage. Focus on LPA, CSA, and
major users of Private. CSA Storage Protect Key 0 is the most difficult part. Be sure to track before
and after major changes. Based on tracking and announced product requirements, estimate future
VS requirements. Take advantage of 31-bit products wherever possible. Maintain a VS map(s) for
each system. (Appendix AZ2.)

Most of the attention on DASD goes to 10 rate and response time. Capacity planning should in-
clude an evaluation of DASD space, as well. A DASD space map can be used to evaluate isolation
by volume and by path. (Isolation means -- as a minimum -- keeping response oriented activity
away from non-response oriented activity.) Isolation is a key technique in achieving consistent
performance. There are seven basic kinds of DASD space to manage. See Appendix A3.

SYSTEM DATABASE DATA DFHSM LEVEL 0
PAGE DATASET DATABASE PROGRAMS  DFHSM LEVEL 1 (N-1)
SWAP DATASET

The database volumes need to be managed to the requirements of the database applications.
However, general TSO and batch requirements can be managed by DFHSM. From a system point
of view, we now have something to manage. No longer are we stuck with the emotional choice of
providing everything requested or risking disaster somewhere down the road. We can plan an
amount of Level 0, monitor the activity, and develop a cost effective system. In time we might even
come up with some theories. We can manage performance and do not risk losing programs or data.
In fact, the programs and data are safer. Find a way to keep track of DASD space; include the
(logical) paths so that isolation alternatives can be evaluated.

Next lets look at some transaction flow analysis. Utilization analysis is the most used technique in
capacity evaluations. It often gives the most benefit for the least effort. Utilizations can be used
together with “Rules Of Thumb” (ROT) or can be a first step in a modeling process. For the ROT
process consider:

WORKLOAD TYPE RESOURCE MAX. UTILIZATION
ON-LINE CPU 50% - 80%

BATCH CPU 80% - 100%

ON-LINE DASD 30%

BATCH DASD 50% - 90%

ON-LINE DASD PATH 20%

BATCH DASD PATH 30% - 50%

The basis for sclecting these percentages is a general estimate that response time is still less than two
to three times the service time. ROT are easy to use, can give the wrong answer, and are no longer
in-vogue with out-of-town experts. Modeling to evaluate response time is the best answer but re-
quires more effort and skill. Fancy models are also capable of giving wrong answers. Consider a
combination of the two methods: a utilization analysis to know what may be possible (and what
is “in-bounds”) and a response time model for fine tuning. Again, what do you need to know to
make decisions?

Here is a utilization model you could probably put on a spreadsheet:
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TRANSACTION RATE
WORKLOAD —> 1 2 3

TRAN RATE A B

SERVICE TIME TABLE

WORKLOAD —> 1 2 3
RESOURCE 1
RESOURCE 2 X Y
RESOURCE 3

UTILIZATION TABLE

WORKLOAD —> : 2 3 5 & i@ UTILIZ.
RESOURCE 1
RESOURCE 2 AxX BxY (A%XX)+(Bx%Y)
RESOURCE 3
I

Then, with a response time model, add the following table:

RESPONSE TIME TABLE

WORKLOAD —> 1 2 3 -
RESOURCE 1 J
RESOURCE 2 K |
RESOURCE 3 L I
SUM ——>|  J+K+L I

A concurrency (queue size) table could be generated from Little’s Law: (response time) = (queue
size)*(interarrival time). The interarrival time is (1/transaction rate) and queue size includes the
transaction in service.
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step, from a design point of view, is to isolate parts of the resource to each workload. In other
words, create the appearance of an un-shared resource.

CPU ... Dispatching Priority
Real Storage Storage Isolation (non-swap ASID)
Domain TMPL (swappable ASID)
DASD ....... by Volume
by Path
Subsystem .. Concurrency (high)
Locks ...... A structure with enough locks and short locks

A next step is to be sure that all the sharing workloads for this resource are included in the analysis.
Note that a subsystem or ASID (for example, CICS) can act like a shared resource. From a per-
formance view, watch out for resources or facilities that limit concurrency. Expect trade-offs to
occur between performance and the data integrity that goes with a concurrency of one. For exam-
ple, a subsystem that processes only one transaction at a time creates, in effect, a long “service time”
for that ASID. The subsystem service time is the sum of the CPU and IO response times for a
transaction. Lets take a best case.

This subsystem has top priorty for the CPU and does not share I0. Assume an average trans-
action is 12 10s with 2 milliseconds of CPU per 10. Each IO takes 20 ms (average). Then a
transaction has a service time of 264 ms relative to this ASID. The maximum transaction rate for
the ASID is 1/0.264 or less than 4 transactions per second. With no other workloads present, the
maximum CPU utilization is 0.024/0.264 or 9%.

Include all the workloads that share a resource when analyzing a shared resource. This may sound
simple but is often overlooked. Then manage and control the resource to workload objectives. In
this way the resource should produce the delays that were modeled. Model a managed environ-
ment; “fix” an unmanaged environment. If you bought an automobile with no accelerator, no
brake, or no steering wheel, would you (a) drve it, (b) model it, or (c) fix 1t?

Another system interaction that can cause difficulty is when different programs acquire locks in
opposite sequences. This may not be capacity planning, per se, but it can reduce the capacity in a
hurry. A total solution may not exist, but each installation should develop conventions for the se-
quence of requesting locks (exclusive enqueue) to the extent that this is practical.

Availability means that some workloads can run on one part of the configuration while another
part of the configuration is down. Availability requires capacity considerations. Either there are
deferrable workloads or there is redundant capacity. In both cases there is more connectivity in the
configuration than otherwise. Availability starts with a definition of what workloads must be “up”
during what time intervals and -- in the complete case -- at what cost. Note that this definition
potentially includes conflict and trade-offs. The definitions are dnven by value to the business.
“Must be up” is not an absolute term but implies numbers like 98% or 99% available within a
specified window.

CAPACITY PLANNING 20



AVAILABILITY
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Attainable availability depends on configuration redundancy relative to the designated high avail-
ability workloads, configuration connectivity, application design, recovery procedures, and testing.
Application design affects the number of system components that must be available at the same
time and the reliability of those components. At times of major configuration change, a Compo-
nent Failure Impact Analysis (CFIA) should be performed. A System Outage Analysis (SOA)
should be an on-going analysis. The CFIA will help identify requirements for configuration re-
dundancy and application redesign. The SOA will help identify system components that should be
better stabilized or otherwise avoided for critical workloads.

Availability and recovery include addressing critical workloads, redundant configuration, rerun ca-
pacity, and delayed schedules. The critical workloads and redundant configuration can be evaluated
as a subset of the transaction flow analysis system design (above).

Rerun capacity is often “built-in” to the way workload data is collected. If not, some attention must
be given to rerun requirements. Note that a major shift in availability or reliability could have an
impact on rerun requirements. Delayed schedules due to outages are an elusive item to quantify.
They are somewhat easier to quantify when associated with end-of-month closing or an overnight
batch window. Another capacity factor on prime shift is the procedure to notify users that the
system 1s now available. How i1s this done at your installation? How quickly does the load return
to normal values after the system becomes available?
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MVS CONTROLS

MVS controls play a roll in capacity. Use the MVS controls (principally the SRM) to help manage
the system. The SRM does a good job but does a better job if you give it some guidance. In par-
ticular, three PARMLIB members communicate your guidance to the SRM: ICS, IPS, and OPT.
The SRM i1s most significant when the system is busy. Consider the following analogy to a bank
at noon on Fnday: It really does not matter whether there is a common queue for all tellers or
individual queues for each teller as long as there are more tellers than customers.

And so with the SRM, the parameters have little effect when the system is lightly loaded but can
be essential at heavy loads.

Performance Group Numbers (PGNs) allow a system structure that can be tracked and managed.
Assigning PGNs is a key step in the whole process. This structure is the link between what is im-
portant to the installation and the otherwise expressionless 1’s and 0s.

PGNs can be assigned using the ICS. Then the PGNs can be controlled using the IPS. Paging, a
major subsystem consideration, can be controlled using the IPS (Storage Isolation and TMPL) and
the OPT (paging rate thresholds). For TSO workloads, logical swapping can be managed (to some
extent) using OPT parameters. PGN assignments facilitate tracking through RMF Workload re-
ports.

BUSINESS ELEMENTS:

A ‘ 5 ‘ c ‘
WORKLOADS : | l | |
Vv Vv Vv Vv
1 2 3 4
ON—LINE ON—LINE BATCH BATCH
Vv Vv Vv Vv

STRUCTURED WORKLDADS
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SUMMARY

Capacity planning covers a broad set of topics from business objectives to control parameters in the
DP system. Through this process it is important to maintain a view of the objectives. Business
objectives are the common thread that holds the whole process together. Then, having done such
a wonderful job of data organization, measurement, and control, what do we tell the boss? How
are performance and capacity reported to management? The logical answer at this point 1s to report
in terms that relate to the business objectives. That means report business volumes and employee
productivity.

BUSINESS VOLUMES EMPLOYEE PRODUCTIVITY

- NUMBER OF TRANSACTIONS - RESPONSE TIME

- NUMBER OF USERS - PROJECT SCHEDULE

- NUMBER OF CONCURRENT USERS - USER THINK TIME

- WHAT WORKS FOR YOU? - END-PRODUCTS/EMPLOYEES/TIME
(SPECIFIC TO YOUR BUSINESS) - WHAT WORKS FOR YOU?

- BUSINESS ELEMENT DRIVER
AVOID INTERNAL DP PARAMETERS SUCH AS UTILIZATION !
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Appendix A2.

VIRTUAL STORAGE MAP (MVS/5P2):
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