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INTRODUCTION 

Optimization of hardware has evolved into an exact science 

utilizing very sophisticated performance measurements. However, 

the cost of software has become increasingly dominant over hard-

ware costs. There is a strong incentive to try to apply the 

hardware performance techniques to effect similar gains with soft-

ware. Arenholz presented a paper 1 that partially bridged this 

gap. However, software performance in that paper meant utiliza-

tion of the hard~are resources. 

In this paper, I emphasize the importance of performance 

factors other than hardware utilization. My comments apply to 

both business systems and production scientific systems but not to 

research scientific systems. 

* The information contained in this article was developed during 
the course of work under Contract No. AT(07-2)-l with the U.S. 
Energy Research and Development Administration. 

1. A. Arenholz, "Current Approaches to Computer Performance 
Evaluation," Proceedings of AESOP Conference, Volume 6, 
Las Vegas, Nevada, May 2-3, 1972. 

- 1 -



PERFORMANCE FACTORS 

If we are to measure the performance of application software, 

we must recognize the factors that determine performance. There 

appear to be four groups of factors relating to: 

• Hardware 

• Users of the Software 

• Operations Personnel 

• Programmers 

Performance factors relating to the hardware are measured by the 

utilization of the: 

• Central Processor Unit (CPU) 

• Central Processor storage 

• disk storage 

• peripheral storage 

• I/(/J channels . 

Performance in the eyes of the user of the software is measured 

in terms of: 

• satisfying the required function 

• convenience of use 

• reliability 

• accuracy 

• adaptability to varying user requirements 

Performance in the eyes of operations personnel is measured in 

terms of: 

• convenience of operation 

• accuracy 

• cost uf auxilia:ry se:i·vices 
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Finally, performance related to programmers is measured in terms 

of: 

• cost of maintenance 

• cost of upgrading to new. user requirements 

We observe that there are many factors which should be used to 

measure performance. 

TIME FRAMES 

These performance factors can be measured at various times 

during the lifetime of a software system. These time frames 

represent the: 

• past performance 

• present performance 

• future performance 

• total (sum of the above three) performance 

We would like to obtain a high total performance. If we could 

assign a numerical value to performance, then the total performance 

is the product of some average performance times the system life-

time. It is important to note that mediocre performance during a 
I 

long system lifetime may yield a better total performance than 

high performance during a short system lifetime. Since the life-

time of a system depends heavily on what will happen in the future, 

the future performance (which can only be guessed) strongly affects 

the total performance. An evaluation of software which reflects 

only the past and present performance (which can be measured to 

some extent) is not a true evaluation of total performance. 
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·. 

QUALITY OF THE MEASUREMENTS 

If evaluation depends on the measurement of performance 

factors over the total system lifetime, we must indicate the 

quality of, such measurements. We can obtain (in principle) high 

quality measurements on hardware resource utilization and most 

costs in the past and present. Our ability to measure user

related factors, both past and.present, is fair to poor. Our 

ability to measure or predict future reliability and flexibility 

is certainly poor. 

Hardware measurements can be related to cost of the.resource 

used. Operator and programmer time can be related t_o costs. Most 

of the other performance factors are intangible and cannot be 

directly related to costs. 

EVALUATION IS AN ART 

It is apparent that hardware performance (which can be made 

quantitative) is but one of many factors (the remainder of which 

are at best qualitative) which influence total system performance. 

If total performance measurement is largely qualitative, then 

evaluation of software performance is also qualitative and is. 

more of an art than a science. 
/ 

It should also be recognized that increased management pres

sure will not result in more quantitative evaluation. Such pres

sure will (and has) led to evaluations based only on those factors 

which can be measured and quantified, a procedure which can result 

in misleading evaluations. 
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·, 

At this point, the reader might conclude that I am against 

any form of software evaluation because it cannot be well quanti-

fied. This is not my thesis. We do and should evaluate software. 

considering all of the factors mentioned previously. We then 

make a judgment on whether the software is good or bad• 

GOOD AND BAD SYSTEMS 

If I select all of our software systems which I consider to 

be good systems, the characteristics of these systems are: 

• long lifetime 

• few user complaints 

• easily maintained and upgraded 

• not excessive use of hardware resources 

The characteristics of the systems I consider to be bad systems 

are: 

• early obsolescenc~ 

o u~er dissatisfaction 

• expensive maintenance 

Obviously, I give a high weighting in my evaluation to lifetime 

(spreading out development costs), user satisfaction, and future 

manpowe:r reso1'.\rc.e requiroments, Hardware performance tmters my 

evaluation only when its use of the available resources is ex-

cessive compared to the value of the service performed. Hardware 

measurements can be used to make a good system better, but they 

cannot be used to make a bad system good. 
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OBTAINING GOOD PERFORMANCE - A PERSONAL VIEWPOINT 

It is my personal view that good software system performance 

can be obtained if three principles are followed: 

• design thoroughly 

• plan code inefficiency 

• stress people performance 

The importance of a thorough system design is advocated by every

one. Too often, however, the pressure to meet schedules diverts 

design to implementation. The usual result is that portions of 

the system must he later redesigned and implemented. Cost savings 

during the design phase may be more than offset by later mainte-

nance and system upgrade costs. 

A highly efficient system may be difficult (and hence ex

pensive) to maintain and upgrade. A highly efficient system 

obtained by good design probably is easy to maintain. A highly 

efficient system obtained by clever or tricky coding techniques 

is always difficult to maintain, especially since the maintenance 

programmer is rarely the one who put in the tricky coding. I 

like to see a system that is somewhat inefficient provided the 

ineff:i.ci emcy is planned to: 

• facilitate future maintenance and upgrade 

• facilitate understanding 

• facilitate use 

• not be excessive 

The question of excessive inefficiency is again a judgmP.nt., If 

a system runs 10 minutes/day, and hardware capital plus use costs 
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are $1000/hour, then the system costs about $40,000/year. This 

is equal to about 2 man-years of programmer cost. Can a planned 

inefficiency of 50% save half of the maintenance and upgrade 

costs? 

It is apparent that I stress people performance. I believe 

lower people costs can more than offset increased hardware costs. 

A reasonable estimate of the system cost split over the lifetime 

of a business system is: 

• . Hardware 1/.3 

• Software Development 1/3 

• Software Maintenance 1/3 

Each year the price/performance ratio of hardware decreasesJ 

while people costs increase. Today, two-thirds of the total 

systems cost is in software, and the figure will undoubtedly rise 

every year. 

CONCLUSIONS 

Software performance evaluation is an art since many per

formance factors cannot be measured and value judgments must be 

made. However, performance evaluation is and must be done. There 

is a need to better quantify and weight the performance factors 

recognizing the increased people costs relative to' hardware costs. 
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