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INTRODUCTION 

System performance is  the benefit that the u s e r  receives from the 
system; performance requirements  a r e  the needs that the sys tem must  

is t ics  inherent in sys tem design, 
f r o m  contract performance, 
fact  by a contractor performance evaluation group composed of legal, 
technical, and financial experts that reviews contracts and supplies the con- 
t rac tor  performance data bank with inputs relative to  mee t  contractual 
obligations (References 1 and 2). 
causes confusion as  to who evaluated performance. 
personnel, systems analysts, systems engineers, de sign assurance engineers,  
management scientists,  management information specialists,  p rog ram 
control personnel, and even accountants consider themselves  specialists in 
the f ie ld  of performance evaluation. 

- sat isfy and performance parameters  a r e  defined by the operational character-  
System performance should be differentiated 

Contract performance is evaluated after the 

The confusion between these two often 
Operations r e sea rch  

Each of these functionaries must  recognize the gaps existing in  their  
technology relative to system performance. 
bridge the gaps, appreciate the respective concern of the others,  and obtain 
necessary  data controlled by the customer,  

They must  work together to 

The requirement fo r  performance evaluation comes from the des i re  to 
maximize profit received from the development and sale of a system. The 
profit received a s  a result  of a Government contract fo r  the development of 
a hardware sys tem i s  usually a function of the cost effectiveness (economic 
analysis) of the sys tem being developed and the company's investment 
development. 
ness  (References 3 and 4), the cost  and the development, and the produc- 
tion time of the system. 
of parameters  that f i t  the sys tem and the mission that it will  perform. 
ples of such parameters  a r e  those selected by the Electronics Industries 
As sociation, These a r  e availability, dependability, capability, utilization, 

system-effectivenes s models i s  that they have capability o r  performance a s  
a submodel. 

Economic analysis is accomplished by measuring the effective- 

System effectiveness is usually expressed in t e r m s  
Exam- 

- . and probability of employment, A significant and necessary  feature of a l l  

Per formance  models a r e  used throughout the life cycle of a program. 
In this prolonged period, the current model must  maintain congruency with 
the system, sensitivity to  the significant sys t em parameters ,  relevance in 
the planned scenario,  and adequacy f o r  its intended use.  As  the program 
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progresses  from feasibility studies to  operation hardware,  the confidence in 
the performance quantification should increase f rom a guess to  a certainty,  

To be of maximum u s e  in the program, the performance model must  
not only be related t o  the mission and hardware,  but should be related to the 
major program control tools including the work breakdown structure  and 
PERT network, 
integration of cost ,  schedule, and performance for the program decisions. 

Thus,  the performance model se rves  a s  the focal point for 

Since the performance model se rves  in such a key spot in the decision 
process ,  investigation must  be made a s  to the resul ts  of an e r r o r  in p e r -  
formance estimation and a s  to the causes of such an e r r o r .  Two tools of the 
reliability field may be used, Failure modes and effects analysis may be 
used to es t imate  the damage done by an incorrect  performance estimate,  
Faul t - t ree  analysis may be used to find the sources  of e r r o r  and their  
relative probability of occurrence,  With these two tools, performance 
estimate e r r o r s  may be investigated and avoided o r  reduced in impact. 

PERFORMANCE MODEL REQUIREMENT 

Government agencies have expressed the des i re  to reward a contractor 
for investing in the development of an effective system. 
obtained by making the profit depend on both the cost effectiveness of the 
system and the amount of investment made by the contractor.  
ship may be stated a s  

This reward i s  

This relation- 

F = f l  (Ec, 1) 

where F is the profit f rom an incentive fee contract, E, i s  the system eco- 
nomic analysis o r  system cost effectiveness (Reference 5) ,  and I is the con- 
t r ac to r ' s  investment i n  the program. 

The s'ystem cost effectiveness may be expressed a s  

where E is  the system effectiveness, C i s  the cost ,  and T i s  the t ime,  

All of these variables a r e  complex vectors .  For example, cost  i s  the 
total  of r e  se ar c h,  engine e r  ing , development , t e  s t ,  p r  oc u r  e ment, ope rational 
support, training, and facility costs.  Time may be expressed in t e r m s  of 
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development time, operational l ife,  fir st operational date,  fir st activation 
date,  o r  fo rce  activation date. 
may be expressed  as one of the following 

System effectiveness is  a complex model and O 

where A is the availability, D is the dependability o r  reliability, P - C  i s  the 
performance or capability, W is the employment, and U is  the utilization. 
Common to all  models is  the performance pa rame te r ,  

NATURE O F  PERFORMANCE 

System performance can a l so  be t e rmed  design performance,  design 
charac te r i s t ics ,  design adequacy, miss ion  success ,  o r  mission objective 
accomplishment. A prec ise ,  acceptable, and consistent definition is  not 
available, 
charac te r i s t ics  partion and in the P a r t  I specification, They usually read:  
c ru ise  a t  Mach 1. 5, range of 1600 mi les  a t  80, O00 feet, payload type, and 
delivery,  
read:  to intercept  and destroy enemy a i r c r a f t  with a 15-minute a l a rm.  
difference between s y s t e m  performance and miss ion  performance should be 
recognized. 
of the system, They a r e  derived f r o m  the design mission and span the spec- 
t r u m  of missions to  be accomplished by the system. 
accepted sys tem performance definition i s  difficult to develop. Fo r  the sake 
of mathematical  clari ty,  a sys tem performance model can be expressed  in 
a ma t r ix  using the capability, the capacity,  and the versat i l i ty  of the sys tem 
a s  follows 

The sys tem performance pa rame te r s  a r e  found in the incentivized 

O 
On the other hand, a mission performance requirement  might 

The  

Sys tem performance pa rame te r s  a r e  the inherent charac te r i s t ics  

An understood and 

y 2' Z 2 . ' "  xi, Y i >  zi ... XnYnZn) 

where U i s  the utilization function that expresses  the pa r t  of the total design 
capability, capacity, and versat i l i ty  that  i s  used ,  X i  i s  the capability, Y i  i s  
the capacity, Zi  i s  the design-versati l i ty,  and i i s  the subsystem. Capability 
i s  the designed ability of a system, 
electr ical  load are  examples of sys tem capability. 
designed total l ife of the capability. 
measu res  of total consumables a r e  capacity measu res  that influence system 

Maximum-thrust and peak instantaneous 

Total  usable bat tery life and all other 
Capacity implies  the 
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4 performance, 
the probability that the design will provide the required functions (the 
complement of design risk).  The development of such a model requires  the 
use  of the basic  laws of physics, particularly conservation of m a s s ,  conser-  
vation of energy, and conservation of momentum. 
system, o r  the portion of the sys tem of interest ,  must  be reproduced 
abstractly and analytically by breaking the system into its elements or 
constituent par ts .  Thus, it mus t  be a representation o r  f lmodelf t  of the 
operating system. In this sense,  a mode l  is  any abstract  representation of 
an operating system consisting of (1) a definition of the elements o r  consti- 
tuent par ts  of the sys tem and ( 2 )  a set  of rules or equations defining the i r  
operation o r  interaction within the system. 

Versatility implies the growth capability of the sys t em and 

The performance of the 

The actual model used will usually be a tool developed by a system 
analyst to demonstrate the performance of the system. 
most  important model in sys tem effectiveness evaluation. 
the parameter  given f i r  s t  design consideration, 
be capable of performing the functions required during the mission. 
various engineering disciplines (such a s ,  s t ructures ,  dynamics,  control 
theory, propulsion, e lectr ical  power, communications, aerodynamics,  
environmental analysis,  and navigation) a r e  required to t ranslate  design 
features into performance parameters ,  Reference 3 s ta tes ,  “There is no 
general  method by which elements of the capability vector can be estimated, I t  

This implies only that the model must f i t  the system and mission. 
alized model represents  the concepts to be used in developing the explicit 
mathematic model to be exercised, 

This is the single 
Performance is 

The system must  inherently 
The 

A g e n e r -  

SENSITIVITY 

A large proportion of the sys tem cost  i s  assignable to  the tes t  p r o g r a m  
and to the verification of the tes t s  that validate the operational capability, 
capacity, and reliability of the system. 
testing is  discussed la ter  i n  this paper.  
the performance model o r  simulator.  
problem i s  showing that the model has  adequate congruence with the developed 
system. That is, that the resul ts  of applying the model must  be usable to  
make decisions relative to the system. 
The outputs of the model should change with inputs in the same  way a s  the 
system. 
value changes with changes in input parameters  f r o m  the  test program. 

The requirement and importance of 
A l e s s  obvious requirement is  for 

Like the tes t  equipment, a major  

This may  be stated another way. 

This is accomplished by determining how the system performance 

The advent of computer technology has  tremendously expanded the 
sys tem analyst’s capability because it is  a powerful tool fo r  the operation of 
complex models,  Once developed, a model may be exercised at length with 
variations in inputs, parameters ,  o r  operating rules  to  extract  the sensitivity 
of outputs to these variations. The value of each of the p r imary  performance 
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parameters  must  mcet specification requirements.  
ing the sys tcm cannot be  modeled within the capability of man and computers ,  
only significant parameters  can be considered. 
types of parameters  a r e  defined. 

Since all  inputs affect- 

TO accomplish this,  two 

1. Cornrnon: These performance parameters  a r e  normally expected 
to  be accomplished satisfactorily with routine engineering, 
quality control, and manufacturing. The model  should be fa i r ly  
insensitive to  these parameters ,  

2 ,  Significant: These a r e  the performance parameters  that a r e  
cr i t ical  €o mission success  and represent  recognized technical 
r i sk  o r  potential growth for the system. 
quite sensitive to these parameters .  

The model  should be 

The model developed must  be sensitive to  significant performance 
parameters .  
inclusive of parameters  a s  to  be cumbersome t o  exercise  o r  difficult to  
change. Change is frequently necessary.  The most  cornmon cause f o r  
change in  the performance model is  changc in the scenario,  threat ,  o r  
mission, 
significance. Severe problems in sys tem development can resu l t  f r o m  
believing the model to be totally congruent to  the mission and sys tem and 
not subject to change. 
sys tem to  maintain near  congruence, 

Care should be taked to  a s su re  that the model  is  not s o  

These result  in change of performance parameters  o r  their 

The model  must  evolve with both the miss ion  and 

CONFIDENCE 

The model that inspires  the most  confidence in  the decision maker  is 
the sys tem functioning in its operational environment. The most desirable  
way to evaluate performance i s  to observe and record the functioning of the 
sys tem a s  an entity, Lacking the ability to observe operations, models and 
simulators a r e  devised to  estimate performance based upon incomplete 
data, Performance is estimated f r o m  incomplete data such a s  physical laws, 
handbook data, qualified par t s  l i s t s ;  and finally, from analysis of component, 
subsystem, and sys tem t e s t  results.  Since testing is expensive, there  i s  
always the question of just  how much testing i s  required to  establish a 
consistent degree of confidence in meeting the specification requirements  of 
performance goals. 
performance requirements  f o r  a fighter/attack a i rc raf t  would include: 

An example of par t  of the set  of equally significant 

a .  Maximum speed a t  sea  level 

b. Maximum (burst)  speed at  altitude 

c. Acceleration 
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d .  Excess  maneuver energy 

e .  Combat ceiling 

f .  Combat radius 

g .  Military payload 

Herc, a s e t  of performance parameters  were selected ra ther  than a single- 
perf o rmanc e quantïf ication, 
alized, does not provide the program decision maker  confidence in its 
crcdibility. 
€or decision and support the credibility of the values, 
mance factors m a y  havc becn calculatcd, by analysis of all available d a t a ,  to 
bc a t  least  up to thc specified performancc. However, thc data inputs have 
diffcrcnt degrecs  of hardness;  consequently, the confidencc in the perform- 
ance varies f rom parameter  to parameter .  
which indicates where thc pcrformance should be chccked by the program, 
The priorit ies of allocation of performance tes t  effort should be d,  e ,  c, b, 
a, g, and f .  

Such quantification, particularly undimen sion- 

Sets of dimcnsionalized performancc parameters  present  a r e a s  
Each of these perfor- 

This i s  shown in Figure 1,  

80 

60 
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20 

.o 
a b C d e f g 

PERF O RMA N C E RE Q U I REM E NT S 

Figure 1.  Analysis Degree of Confidence in 
Performance Pa rame te r s  
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