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1. USING PERFORMANCE METRICS IN SYSTEM DESIGN

INTRODUCTION

Complexities of system design are great and often lead designers
to be inward looking in their analyses. Knowledge from various fields
can be of benefit in designing systems [1]. Management accountants
can describe economic effects of delays in closing schedules, psychol-
ogists can provide significant insights into the behavioral charac-
teristics of users to complex command syntax, computer performance
analysts can provide alternatives to describe and to measure respon-
siveness of systems. Even in the case of an innovative system design,
the designer can employ such approaches to identify incipient problems
and create alternatives with increased cost effectiveness. This paper
describes how performance metrics can be used effectively to support
system design.

Performance metrics are generally employed after systems are
implemented. They are used for monitoring and managing the use of
systems and for tuning. Seldom are they viewed as being useful in
system design. Use of performance metrics on an early prototype sys-
tem, however, can provide a good deal of information needed to design
and produce an effective system. This paper provides an example which
describes how system responsiveness of a prototype system was measured

and reported and how that information could be used for system design.

This paper appeared in the Proceedings of the Software Quality
Assurance Workshop held in San Diego November 15-17, 1978, sponsored
by the Association for Computing Machinery.

SEs




re

11. SOME USES OF PERFORMANCE METRICS

DETERMINING USER REQUIREMENTS

A current methodology which can produce well tunctionming, well
designed, and well documented systems on schedule 1s known as struc-
tured design. Structured design entails a great deal of very careful
planning. It begins with a statement of requirements and terminates
with a detailed specification of code. There are structured walk-
throughs and frequent design reviews, with the actual coding lett to
the very end. Although structured design has been used with success
for some military systems [2], it has received only limited use in the
commercial world. A major reason it is not used more often is because
users do not know or cannot communicate their requirvements. Mechan-
isms, such as performance measurements, which aid 1n identifying use:
requirements will allow techniques such as structured design to be
more applicable.

Designers encounter many problems in determining user require-
ments. Not only do users not know what their requirvements are, some-
times they can't even guess at them. Alternatively, users may think
they know their requirements when, in fact, they do not. A system
designer who bases design decisions on perceived but inaccurate
requirements can produce a very costly, and possibly inettective sys-

tem. This inability to accurately rvecognize and describe requirements

on the part of the users otten leads designers to rely on their own
best judgements. The user, torced to live with these conditions, must
adapt himselt to the delivered system. This does not have to be true.
We can produce well functioning, responsive systems which satisy user

needs.
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The user's needs can be measured. He can be informed of trade-

offs. He can provide input for decisions in system design. By
including the users in discussions during design, the system designer
will obtain feedback before he is committed to a particular implemen-

tation. By being careful about the order of implementation of the

design he can maximize the information he receives by allowing the
user to interact with early versions of the system. Providing an
early prototype for the wuser to review can crystallize the user
requirements. Instrumenting the prototype can provide hard data on

system usage and user behavior.

SYSTEM RESPONSIVENESS

Metrics of system responsiveness can be particularly effective

for system design. Users often have difficulty in quantitatively

defining responsiveness of a system -- they know only that they want ]
quick response. When forced to communicate such requirements, they
often tend to state them intuitively. For example, a common practice

is to establish performance criteria for a system in terms of response

e

time such as '"response time must be within 2 seconds" or "90% of the
responses must be within 3 seconds."

Since commands are usually not of the same complexity, there is
no reason to expect the response times be the same. In reality users
don't expect them to be. If users of the systems have a sense of the
complexity of the commands they issue, they tend to be flexible in
their demands of system responsiveness. They are willing to wait,

often for very lengthy periods, for what they feel are complicated




commands.  Additionally, some users are more concerned with the total
amount of time they must spend at a terminal to accomplish a given
amount of work than they are with any individual response time.
Experience has shown that the wvariability of vresponse time
effects whether or not the response time is considered satisfactory by
users. Variability in response time can aftect whether or not a par-
ticular response time 1is satisfactory to users in at least two dif-
ferent ways. First, a user accustomed to a 10-second response for the
execution of a particular command often becomes upset when that com-
mand, perhaps due to increased load or additional services, requires
30 seconds. However, had the command always used 30 seconds, the user
might have found 30 seconds to be a satisfactory time for the
response. Second, users become dissatisfied when response time for a
particular command varies noticeably within a session. Designers
truly sensitive to user satisfaction with the responsiveness of a sys-
tem will choose metrics which reflect not just specific response times

but variations within a session and over time as well.

DESIGN DECISIONS

Many design decisions affect the performance of a system. Often
these decisions are made arbitrarily or are based on criteria unre-
lated to performance. Using performance metrics, such as system
responsiveness, in the design stage will provide the designer informa-
tion on how the parameters (e.g., matrix size, number of allowable
cases) affect system performance, allowing him to choose the parame-
ters more intelligently. Alternatively, guidelines can be provided to

users to explain what range of parameter values result in very loung
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response times, leaving the choice to the user about whether elongated

response time 1s justified tor a particular interaction.

TRADEOFFS

User satisfaction 1s not based solely on the functional capabil-
ity of a system, but on usability, reliability, and pertormance as
well. OUften, the user cannot have everything he wants in a system.
The final product may be the result of compromise. Certain functional
capabilities may be eliminated to achieve specific performance goals
or, on the other hand, the user may be willing to sacritice perfor-
mance to obtain some functional capability. In either case, 1t s

important to know whether or not both goals are achievable and the

costs of achieving each goal.




111. EXAMPLE

lhe author employed techniques trom the field ot computer pertor-
mance  analysis  on  an experimental menu~-driven, minicomputer-based
intormation system designed tor users to enter, edit, retrieve, mani-
pulate, examine, and analyze clinical patient data [3]. When this
work was done the system was a prototype and many decisions had not
vet been made about 1ts characteristics and design. (For example,
potentially poor response time might be avoided by restrictions on the
number  of simultaneous users allowed on the system or in certain ser-
vices being provided only on an overnight basis.) Consequently we
needed to define parametric limits on loading and the functions to be
provided in the interactive situation; we needed to know system
responsiveness.

The prototype system was composed of several activities and subac-
tivities The wuser progressed through the system by responding to
questions or selecting among alternatives presented on the screen.
Accomplishing a usetul piece of work could require many inputs by the
user. The amount of work to be done by the system in response to user
input  varied widely. Some responses resulted in little more than the
appearance of a new question, others resulted 1i1n the execution of
analysis packages, reformatting of the data, and presentation of a new
display. There were no distinct classes of commands. We needed a
metric to show the responsivness of the system and how the responsive-
ness changes as the system load changes. Reporting the response time
tor each command would simply contuse, and computing an average would

be of even less value. We applied the scripting technique ot computer
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performance analysis to measure the time required to complete a given
amount of work on the system =-- the time required to complete a
sequence of commands rather than just a single command.

The system could record and store sequences of commands for sub-
sequent execution. We created such command files for each of several
commonly used activities. Each command file represented typical use
of each activity.

Early versions of the system were in use at Rand and at selected
clinical research centers. Feedback from users was actively sought.
User inputs were collected at each site and were periodically pro-

cessed to determine characteristics about system use. We were able to

take advantage of these data to select activities to be tested and to
build representative scripts.

Each of the remote systems was accessable from Rand via tele-
phone. This was particularly convenient as it allowed us to take
measurements as frequently as we liked without letting users know we
were doing so. Sometimes just letting users know tests are being con-
ducted changes their behavior and biases system usage [4].

We also employed another technique from computer performance
analysis in evaluating online systems -- measuring a defined incremen-

tal load on the system. The system itself may be loaded either natur-

ally or artificially,* depending on the objective of the measurement

activity.

*A natural load on the system is activity on the system caused by
real users doing real work. An artificial load is activity on the 4
system which does not accomplish real work. Both have their advan-

tages (and disadvantages). The natural load provides actual system
usage. Artificial load provide repeatability and are easier to quan-
tify. Both types of load are used in computer performance analysis.

For example, we might test on a naturally loaded system to determine




To determine baseline wmeasurements, we conducted tests on a
standalone system (a system unavailable to other users). Each command
file was executed several times. Averages and standard deviations of
the measurements were computed. Averages of the response times for
each activity were used as the base times. Standard deviations were
computed to determine that the wvariability was low. The baseline
measurements served two purposes. First, they provided a reference
from which to compare measurements made under system loads. Second,
the baseline measurements reflected, at least theoretically, the best
service the wuser could expect. If this baseline response time was
unsatisfactory to the user, restricting the number of users or ser-
vices would not be sufficient. Tuning efforts, involving hardware
and/or software modifications would be required.

Once baseline measurements were obtained, we addressed the prob-
lem of how to report the subsequent measurements -~ measurements made
after system modifications or measurements made on a loaded system.
Reporting the actual time required for the response or the incremental
time difference is inadequate; it does not take 1into account the
amount of work accomplished. An additional 15 seconds may be an
acceptable degradation in response time for a command requiring 5
minutes to complete but would probably be unsatisfactory for one nor-

mally requiring .5 seconds. We chose to report elongation, the per-

the effect of adding terminals. On the other hand, an artitficial load
might be appropriate to test a system modification. Since the artifi-
cial load can be fixed, all variations can be attributed to the modif-
ication.




cent i1ncrease in response time in excess of the baseline measurement.

Elongation is computed as

100 % Sesmeanea=s =

lbase time l
Periodically, and unannounced, we logged onto each prototype sys-
tem, ran the tests, noting the time and number of active terminals
during the test session, and the times required for each of several
executions of each command file. Elongation times for each execution
were computed. Additional standalone measurements were made each time
a new version of the system was released and when modules were modi-
fied. These measurements provided instant indication of any perfor-
mance degradation or improvement which could be attributed to system

design. Similar measurements were made to determine the effects of

alternative hardware configurations. The measurements were made with
the Rand Monitor/Stimulus-Generator (RMS) [5,6], a prototype measure-
ment tool built at Rand. However, similar measurements have been made
successfully using a stopwatch {7].

Elongation time indicated to us the type of service a user would
have seen if he had chosen to use the system at the time of the test.
The measure allowed us easily and quickly to see the relative effect
of wvarious loads and to determine any unusual variability among
activities with respect to the loading. For example, if most activi-
ties exhibited similar percent increases while one was very high, we
could make a more intensive study of that one activity to determine

the cause of the sensitivity to the load and to ascertain if there
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truly was a problem, perhaps in design or coding technique. Using
elongation allowed us to track system performance at a high level and
expend time and resources only when problems or potential problems
surfaced. The 1intormation collected was also an indicator of the
actual demand on the system and could be used in deciding if{ more ter-
minals or simultaneous users could be allowed without excessive system

degradation.
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1V, SUMMARY

Pertormance metrics can provide valuable intormation to  support
cttective system desagn. The example demonstrated how one pertormance
metrice (responsiveness) can provide usetul  data. Measuring  rvespon-

si1veness dcan

\
(& provide intormation necded to intelligently make tradeoft

decisions.

¢! be used to compare alternative hardwave configurations
and, thervetore, can axd in determining the final havdware

specitications for a tuture system.

O can be used to evaluate the pertormance of software
modules and to aid in specitying the design of data

structures and application software.

(Ly}vnu be used to resolve operational considerations.
Measuring the pervtormance effects of certain capabivlhities
can provide data on which to base decisions such as
whether or not those capabilities should be provided or

it they should be provided, say, on an overnight hasis,

Other performance metrics can also provide valuable data  and  should
not be agnored.  For example, Boise [8] has shown how quantitving svs-
tem usage can ard  an o selectiag system featuves to be vetaaaned,
deleted,  ov modited Avarlabilaty ot ecarvly prototypes and applica-
tron of performance metrics to prototyvpes and evolving systems can be
an - ettective  technmigque  ftor desagning  and  producing hagh qualaty

software,

i
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