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Augustine's Laws 
and Major System 50Development Programs 

Norman R. Augustine 

Insight into the problems of program management is sometimes found in 
unexpected places. For example, A. A. Milne could well have been writing about 
the sufferings of managers of large system development activities in the opening 
paragraph of Winnie-the-Pooh. "Here is Edward Bear," he wrote, "coming 
downstairs now, bump, bump, bump, on the back of his head, behind 
Christopher Robin. It is, as far as he knows, the only way of coming downstairs, 
but sometimes he feels that there really is another way .. .if only he could stop 
bumping for a moment and think of it!" 

Indeed, there is a better way, as innumerable highly successful programs have 
demonstrated. Still, there remains that large set of much maligned projects 
which, were they ever to be documented into a movie, might best be viewed with 
the film run backward in order to ensure a happy ending. It is largely from these 
programs that Augustine's Laws have been formulated . The laws are dedicated to 
the proposition that with a better understanding of the history of past programs, 
one need only selectively repeat history in the future. Further, it is suggested that 
the behavior of large system management activities is as amenable to analysis as 
are most of the systems themselves. Each of the 15 laws, with a sample of the 
evidence supporting its existence, is examined in the following paragraphs. 

Employer of Only Resort 

Law Number I corroborates the late Senator Everett Dirksen's observation 
about big government: "A billion here, and a billion there," he stated, "and pretty 
soon it adds up to real money." 

The percentage of civilian workers in the United States employed by govern-
ment at the Federal, State and local levels is displayed in Figure 1. A growth trend 
is observed which has been very predictable and monotonic throughout the 
history of the nation. A modest extrapolation into the future, shown by the dot-
ted portion of the trend line, indicates that the time is not too distant when one 

Author's Note: "Augustine's Laws" are intended to help explain the tribulations of program 
management. They have been formulated over a period of years and are based on observations of a 
large number of actual development programs. Although some of the laws have been published 
previously, this is the first time that alllS laws have been collected as an entity. 

Norman R . Augustine is Vice President of Martin Marietta Aerospace responsible for research, 
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ment of the Defense Systems Management Review. He continues to serve the Review as a member of 
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FIGURE 1 

Growth of Government 

GOVfiNMfNT 
EMPlOYUS 
AS" OF 
TOTAl U.S. 
EMPLOYEES 

0.1'----'----.L.-----'-------''-------L-----'----...J 
1no 1100 2000 

YEAR 
CIVILIAN EMPLOYEES ONLY 

should expect 100 percent of the working population to be working for the 
government. Taking the next logical step, one can then state Augustine's First 
Law: 

1: 	By the time of the nation's tricentennial, there will be more government 
workers in the United States than there are workers. 

For What It's Worth , Save Your Money 

This trend in the growth of government as measured by the number of people 
it employs is, of course, paralleled by the government's financial receipts; and in 
turn by the government's ability even to conduct its own programs on its own 
behalf as it sees fit. For example, there is now a tax collector somewhere in the 
U.S. extracting a dollar every 25 milliseconds-including roughly half of each 
dollar of the profits earned by industry. By extrapolating the trend shown in 
Figure 2, it can be seen that the government will have all the money that is 
generated in the U.S . economy by the year 2120 and, as has already been noted, it 
will directly employ all the people about 60 years prior to that time. What hap-
pens during the interim period between these dates is not yet clear, but poses the 
interesting question of whether the last person left in the private sector will have 
to support the entire nation's work force, or whether he or she instead will in-
dividually enjoy the full benefit of those residual funds not yet controlled by the 
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government. Whatever the explanation, this uncertainty leads to the guarded op-
timism expressed in Law Number II, actually the corollary to the first law, which 
is: 

II: People working in the private sector should try to save money if at all feasi-
ble. There remains a possibility that it may someday be valuable again. 

In terms of the fraction of the gross national product absorbed in the form of 
government receipts, one can also use the extrapolation presented in Figure 2 to 
ascertain that the U.S. lags England by only 17 years and Sweden by only 56 
years in this respect. 

The significance of these observations to an industrial program manager is ob-
vious. Their significance to a government program manager, although perhaps 
less obvious, is nonetheless every bit as significant; namely, competition among 
potential sources is the· essence of a program manager's leverage, and the absence 
of a multiplicity of strong competitors can only lessen the government program 
manager's chances of success. 

On Striving to Be Average 

Law Number III confirms the suspicion that very few people come up to the 
average. 

The contribution made by a group of people working in a common endeavor 
tends to be highly concentrated in the achievements of a few members of that 
group. The degree of this concentration is observed to obey a fundamental law, 
as indicated by the data in Figure 3. It is seen that the great predominance of out-
put is produced by a disproportionately small segment of the participants, with 
the same law seeming to apply whether one is addressing authors, pilots, 
engineers, policemen, or football players. As one "digs deeper into the barrel," so 
to speak, in order to increase the manning of a given task, the average output is 
merely driven downward and, ultimately, large numbers of participants are 
added with hardly any increase in productivity at all (unless, of course, changes 
in work methods are also introduced). Conversely, substantial reductions in 
manning-eliminating the least productive contributors-can be made with little 
impact on overall output. In fact, the least productive half of all participants 
seems to generate no more than 20 percent of the total output. 

It might be more accurate to describe the above observation as merely a 
generalization or corollary of V. Pareto's work published in 1897, in which it was 
demonstrated that the proportion of people with an income N was proportional 
to 1/Nl-·5• 

The results presented in Figure 3 are probably understated, since the data base 
considers only participants who made at least some contribution, such as obtain-
ing one patent, when in reality there are many who obtained no patents. Further, 
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FIGURE 3 
Concentration of Productivity 
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there are unquestionably those who produce negative output, such as the worker 
who makes so many mistakes that a great deal of the time of other potentially 
productive workers is consumed in rectifying the problems the former has 
created. Only about one-third of the workers typically achieve a level of con-
tribution equal to the average of all those who contribute. 

This leads to the third law, which relates to the allocation of manpower and 
can be stated as follows: 

III: One-tenth of the people involved in a given endeavor produce at least one-
third of the output, and increasing the number of participants merely serves 
to reduce the average performance. 

As has often been pointed out, when an individual item can only be produced 
at a financial loss, it is very, very difficult to make it up on volume. 
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FIGURE 4 

Accuracy of Projecting Accomplishment Date for Major Milestones 

10r----------------------------------------, 

•• 

FANTASY FACTOR •1.33 

10 

The Reality of the Fantasy Factor 

Law Number IV explains why one should never commit to complete a task 
within 6 months of the end of any fiscal year-in either direction. 

In 1798, Eli Whitney contracted to deliver 10,000 muskets to the Continental 
Army within 28 months. As things worked out, he delivered them in 37 months, 
or in about one-third more time than had been anticipated. 

During 1978, a number of new systems were delivered to the U.S. military 
forces by major defense contractors. On the average, according to the reports 
submitted to the Congress, these systems were delivered in about one-third more 
time than had been anticipated. 

The fraction "one-third" seems to have scientific significance in determining 
the schedule error associated with predicting major program events (some say the 
correct number is actually more nearly equal to one over pi). The data shown in 
Figure 4 are derived from a large number of official schedule estimates predicting 
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when various milestones, such as first flight, first delivery, etc., will occur. These 
data, in tum, form the basis for Law Number IV, which defines the concept of the 
Fantasy Factor: 

IV: Any given task can be completed in only one-third more time than is cur-
rently estimated. 

The above law addresses the accuracy of predicting how long it will take to 
reach any particular milestone in a development program's life. A different law 
addresses the overall trend of increasing time required actually to prosecute a 
development program. This latter issue is the subject of Law Number V. 

So Old for Its Age 
Law Number V, on program geriatrics, explains how World War II was won 

in about half the time it today takes to develop a new military system. 
Figure 5 shows that the average major system development for national 

defense today takes slightly over 8 years to complete. Interestingly, the doing 
time, for example the time from the beginning of the design of a new airplane 
until its first flight, has not changed significantly during the last quarter of a cen-
tury, as can be seen in Figure 6. 

FIGURE 5 

Duration of Development Programs 

1.0 

0.8 

FRACTION OF 0.6 
COMPLETED 
PROGRAMS 
REQUIRING 
AT LEAST 0.4
TIME SHOWN 

0 .2 

0 

YEARS OF DEV.ELOPMENT 
0 2 



Augustine's Laws II 57 

What has changed is the decision/ approval time it takes to get a new program 
started, together with the time it takes to get it fielded once the development has 
been completed. The historical ratio of planning time to doing time for a number 
of major system developments is shown in Figure 7. On the average, the total 
time it takes to develop a new system, including decision and approval time, has 
been increasing at a rate of 3 months per year, each year, for the past 15 years. 

Law Number V can then be stated, based in part on the fact that the half-life 
of most technologies has been determined elsewhere to be on the order of 10 
years: 

V: 	U current trends persist, most new systems will be obsolete only slightly 
before they are born. 

Work and the Theory of Relativity 

Law Number VI offers an alternative to the bus company serving the Bagnall 
to Greenfields route in England, whose spokesman recently countered criticism 
that half-empty buses were speeding past long queues of would-be riders with the 
explanation, "It is impossible for the drivers to keep their timetable if they have to 
stop for passengers." 

In competitive, time-sensitive markets, managers are simultaneously 
challenged on three fronts . Not only must they produce a desirable product at a 
reasonable price, but in addition they must deliver their output to the 

FIGURE 6 

Trends in Development Time 
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FIGURE 8 

Increasing Length of Budget Approval Process 
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half completed! The challenge posed to those charged with executing that budget 
can, in fact, be accurately imagined ...particularly those unfortunate managers 
whose requested budget was halved. 

What the future portended for those same managers could be glimpsed by 
projecting forward in time the trend line in Figure 8. The inevitable conclusion 
seemed to be that it would be only about a decade until the situation reached 
crisis proportions; i.e., the budget would not be approved until the year was 
altogether past. 

Fully recognizing this dilemma, the Congress proceeded to rectify the intensi-
fying problem with both alacrity and decisiveness. Less imaginative managers in 
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private industry, given the same circumstances, might have resorted to such con-
ventional techniques as eliminating some of the 18 votes taken each year on large 
segments of the budget, or even to a process of expediting the budget cycle by 
combining various steps in the review process, or perhaps even by resorting to 
multi-year funding. 

As luck would have it, however, no such pedestrian approaches were needed. 
The obvious solution, and that seized upon by the Congress, was, of course, to 
pass a law changing the definition of the fiscal year, hereafter slipping it neatly in-
to compliance with the time it was actually taking to complete the task of prepar-
ing a budget. 

The essential element that made this resolution of a nasty problem possible 
was, of course, the fact that there is only one Congress available, and if this one 
does not produce a budget act by any given time, there is no danger of another 
competitive Congress stepping in and producing one of its own. It can be safely 
inferred that such latitude for problem solving is by no means restricted to 
governmental bodies, but is attendant to any entity functioning in a sole-source 
environment. 

Professor C. Northcote Parkinson, in the well-known law which bears his 
name, examined the effort devoted to activities which are time-constrained. Law 
Number VI of the present monograph is a reciprocal to Parkinson's proposition, 
and considers the case wherein the work to be performed is constrained. Parkin-
son's Law pointed out, in essence, that work expands to fit the time prescribed. In 
contradistinction: 

VI: In a noncompetitive process, time expands to fit the work prescribed. 

The Impossible Only Takes a Little Longer 

Law Number VII explains why one professional football coach, after having 
been given an unlimited budget by the club's owner, was accused before the 
season had begun of having overspent it. 

Two types of uncertainty plague most major programs: known-unknowns 
and unknown-unknowns. The known-unknowns, such as the composition of the 
moon's surface at the exact location of the first Apollo landing, can be accom-
modated and a program planned which hedges against their consequences. The 
second category, the unknown-unknowns, cannot be specifically identified in ad-
vance, but their existence can be predicted with every bit as much confidence as 
insurance companies place in actuarial statistics. An example of the latter 
category of unknown is the lightning that struck Apollo XII shortly after its 
launch on the way to the moon. 

Somehow, in every major program, "lightning" strikes somewhere. It cannot 
be predicted where it will strike, only that it will strike. But, unfortunately, the 
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budgeting system used in defense planning has not, at least until recently, permit-
ted the recognition of such contingencies or the provision of lightning rods. This 
was in part due to the vulnerability of so-called management reserves to congres-
sional budget cutting, and partly due to optimistic bids engendered in a cost-
reimbursable competitive contract award environment. 

Although there are available many more sophisticated ways of predicting pro-
gram costs were one in fact to use them, the cost-estimating correction factor 
presented in Figure 9 would, in the aggregate, have eliminated overruns on 
defense programs during the recent decade had it been available and applied. It 
should be noted that when Figure 9 is in fact applied, the decision maker will un-
doubtedly have been misinformed as to what fraction of the program is actually 
complete. This distortion has already been compensated for in Figure 9 using Law 
Number IV. 

A word of caution is, of course, in order with respect to the delegation of 
authority for the management of the contingency funds thus determined, lest 

FIGURE 9 
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Parkinson's Law exert itself and costs thereby rise to meet the accessible funds. 
Thus we have: 

VII: 	In order to better the record of some program cost estimators of the past 
few decades, it will be necessary to work twice as hard; to be twice as 
smart; and to recognize unknown-unknowns. Fortunately, this is not dif-
ficult. 

The High Cost of Buying 

Law Number VIII addresses the prospect that warfare is pricing itself out of 
existence. 

It can be shown that the unit cost of military equipment, as with much other 
high technology equipment, is increasing at an exponential rate. Figure 10 shows, 
for example, the historical trend of rising unit cost in the case of tactical aircraft. 

FIGURE 10 

Trend of Increasing Cost of Tactical Aircraft 

106 

AVERAGE 

UNIT 
105 

COST 
(THEN-YEAR 

DOLLARS) 

410

310
1910 1920 1930 1940 1950 1960 1970 1980 1i80 

YEAR OF INITIAL OPERATIONAL CAPABILITY 

F-1' . ~ 

,, 
e F-~ F-11 

F-111, F-18 

F-11~ •A-10 
A-1 •AV-IA 

F-105• F-4: f-4J 
F-101 ~~-11M e eA-IE 

F-102~ F-IE A-7A 
A-4 

FJ-4• r eF-5 
F-14 ~-100 F-108 

FIF1 eAI E 
F4U-5 F-14 

p~eAOI e e eFiF2 
F-4U P-121 
P-38~-1 

P-39 • • FSF-5 
P-5 e \·~P_.7 

/ P-40 e \ P-10 p:14 
P-63 

~~ 
THOIIAS--.SPAD 

IIORSEe ~,
JN-4A• STANDARD E-1 

, •DH-4 

;RIGHT llrEL A 



Augustine's Laws ~ 63 

From the days of the Wright Brothers' airplane to the days of modem high 
performance fighter aircraft, the cost of an individual aircraft has invariably 
grown by a factor of four every 10 years. This rate of growth seems to be an in-
herent characteristic of such systems, with the unit cost being most closely cor-
related with the passage of time rather than with changes in speed, weight, or 
other technical parameters. The same inexorable trend can be shown to apply to 
commercial aircr~t, bombers, helicopters, or even ships and tanks, although in 
the last two somewhat less technologically sophisticated instances, the rate of 
growth is a factor of two every 10 years. Seemingly then, the cost of high 
technology military hardware can be accurately explained in terms of an increase 
by a factor of four during each sunspot cycle, independent of anything else! 

The significance of this observation does not, however, Jie in the mere fact 
that cost growth is, in itself, predictable. Rather, it lies in a comparison of the 
rate of growth of, say, aircraft unit cost with the rate of growth of other relevant 
parameters, e.g., the defense budget. This particular comparison is presented in 
Figure 11, wherein the identical data points shown in Figure 10 are reproduced, 

FIGURE 11 
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but to a smaller scale in order to facilitate extrapolation into the future. Objection 
might be raised as to the validity of any such extrapolation; however, it is noted 
that the above-mentioned trend has faithfully prevailed throughout the history of 
aviation, presumably making such extrapolation no more hazardous than that 
used in most other fields of economic forecasting. 

When the trend curves for the national budget for defense and the unit cost of 
tactical aircraft are, in fact, extended forward in time, as shown in Figure 11, a 
rather significant event can be predicted for the not-too-distant future. Namely, 
the curves intersect. And they intersect within the lifetimes of people living to-
day. This observation has led to the formulation of Augustine's Eighth Law: 

VIII: 	In the year 2054, the entire defense budget will purchase just one tactical 
aircraft. This aircraft will have to be shared between the Air Force and 
Navy 31:/z days each per week. 

One can only imagine the difficulties that such an arrangement will entail. 
And it should be pointed out to those who take solace in challenging the validity 
of the above extrapolation of the defense budget, that, were a plot of the gross na-
tional product to have been used instead, the above-mentioned singular event 
would have been delayed a mere 60 years. 

This particular law might, perhaps, more accurately be remembered as 
"Calvin Coolidge's Revenge" as a tribute to the prescience of that gentleman. It 
will, of course, be recalled that it was Calvin Coolidge who once asked, in a mo-
ment of budgetary frustration (which now can be quantitatively understood), 
"Why can't we buy just one aeroplane and let the aviators take turns flying it7" 

Turning to more recent events, Figure 12 shows the trend in unit cost of 
bomber aircraft, culminating in the B-1 phantom data point. For the sake of con-
sistency, this curve can be referred to as "Jimmy Carter's Revenge." 

On Doing Less with More 

Law Number IX describes how one can make a silk purse out of a sow's 
ear-if, that is, one starts with a silk sow. 

Although some types of systems are admittedly expensive, they clearly are 
also much more effective. Or are they? One such comparison can be made by ex-
amining the combat effectiveness of two classes of military systems having widely 
differing costs-guided missiles and guns. Figure 13 plots the military contribu-
tion of these two categories of systems during various major conflicts that have 
taken place since the advent of the missile age. In each of the conflicts co~sidered, 
both types of systems were used fairly extensively, thereby providing a 
reasonably large data base. The combat impact of each category of system is 
measured in terms of the fraction of a given type of enemy materiel (airplanes, 
tanks, etc.) which was destroyed by missiles or guns, respectively. The cost of the 
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FIGURE 12 

The Increasing Cost of Bomber Aircraft 
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missile and gun systems is measured in terms of "expendables" only, which is, of 
course, an oversimplification, but which is at least partially justified on the basis 
that the launchers (aircraft, ships, or the gun tube itself) are reusable. 

It might be presumed that the data points in such a comparison would ag-
gregate along the dotted line shown in Figure 12; i.e., the more that one pays for a 
system, the more it contributes. Disappointingly, the actual data points do not 
behave according to such a trend at all. Instead, they cluster into two distinct 
groups as far from the expected line as possible. The data points representing 
missiles indicate that, at least to date, such systems have had relatively less im-
pact on the outcome of battles than have the far less costly gun systems. This is 
presumably due in part to the increased susceptibility to countermeasures of the 
more sophisticated systems; but, more importantly, it is probably due to the fact 
that as equipment grows more costly it can be afforded in far lesser quantities, 
thereby sometimes offsetting the hoped-for improvement in individual-item per-
formance . 

The next law, thereby derived with a good deal of liberty from empirical 
evidence, can be stated: 

IX: 	It is true that complex systems may be expensive, but they don't contribute 
much. 
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FIGURE 13 

Impact of Various Systems in Combat 
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So Simple It Can't Be Trusted 

Law Number X concerns the testing of new products and reflects a view ex-
pounded by one Casey Stengel, late of the New York Yankees: "I've had no ex-
perience with that sort of thing, and all of it has been bad." 

Were one to examine the relationship between the amount of testing that is re-
quired of a newly developed item and the complexity of that item, it might not be 
unreasonable to expect that the more complex the item the more testing it re-
quires. If, for example, a chart were made showing the number of flight tests of 
various missile systems against some measure of their complexity, the trend 
thereby observed would show a direct correlation, i.e., a line sloping upward to 
the right. 

Not so. Figure 14 presents such a plot, based on the assumption that unit cost 
is a reasonable metric of "complexity." It is seen that the correlation is inverse, 
sloping downward to the right! 
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FIGURE 14 

Relationship of Missile Complexity (Cost) 
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The amount of testing required thus seems to be more nearly explainable in 
terms of tradition than in terms of any technical rationale, with relatively simple 
unguided artillery projectiles somehow demanding thousands of test rounds 
whereas a new intercontinental ballistic missile needs only a few test flights to 
demonstrate its adequacy. The less complex the system, the more festing it then 
requires, a consequence of which forms the basis of Law Number X, the 
Augustine-Mc:K!inley Law:* 

X: 	Truly simple systems are not feasible because they would require near-
infinite testing. 

As a corollary to the above law, it will be noted that when one knows the 
number of flight tests which are planned in a missile program, one may use Figure 
13 to predict the unit cost of the item in question! This requires only a few man-
seconds of labor and provides results that compare quite favorably in terms of ac-
curacy with the official cost estimates for most programs during the past two 
decades. 

'Charles H. McKinley, Technical Director, U.S. Army Missile Research and Development Command. 
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Going Nowhere, but Making Good Time 

Law Number XI follows an observation made by a well-known college foot-
ball coach: 'The light at the end of the tunnel may be a freight train." 

One consequence of the myriad of problems examined above is a relatively 
high mortality rate among development programs. This is a condition which, in-
cidentally, is rarely reflected in a contractor's long-range sales plan, but which 
nonetheless is highly predictable in the aggregate. 

The data presented in Figure 15 are derived from over 300 defense-related pro-
grams conducted in the past two decades. They reveal the probability that any 
given program will fail to survive the threats to its existence which arise prior to 
any given year in its life. It is seen that there is about a 4-percent probability of 
cancellation of a program each and every year except for the first year, sometimes 
referred to as the honeymoon period. This probability appears to be relatively in-
dependent of program age, presumably even for such aged endeavors as two cur-
rent programs which soon will have been in development for 18 years. 

XI: 	In terms of their chances of surviving, most programs start out .kind ol 
slowly and then sort of taper off. 

FICURE 15 
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Do They Know Something We Don't? 

Law Number XV examines a process similar to one once critically referred to 
by an executive of the Lockheed Aircraft Corporation as "You bet your com-
pany." 

One of the m:ost effective means of controlling cost while achieving good pro-
duct performance is competition. But even competition must be applied carefully, 
or unwanted results occur. Consider, for example, the practice occasionally used 
in Department of Defense procurements of awarding the production contract for 
a newly developed system to whomever is the low bidder. This has the unques-
tioned impact of driving down the bid prices, and the disadvantage of sometimes 

FIGURE 16 

Effect of Competition on Unit Price 
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creating a producer who has no familiarity with the hard-earned lessons of how 
one actually goes about producing the product in question, lessons whiCh were 
learned over many years of effort by the developer. 

The data in Figure 16 verify that major bid price reductions are indeed ob-
tained by competing a number of potential producers for an item developed by 
one specific contractor. (This figure does not, however, examine whether the 
winning bidder was ever able to actually manufacture a useful and reliable end 
product at the bid price-or any other price.) 

Figure 17 examines the data in Figure 16 in a slightly different fashion. It in-
dicates that the greater the winning price reduction relative to the developer's 
original price, the less likely is the developer of the item in question to be the win-
ning bidder. It appears that an intimate knowledge of the task to be performed is 
somehow a handicap. Several interpretations are, of course, possible, one of 
which is expressed thusly (with apologies to Alexander Pope): 

XII: Fools rush in where incumbents fear to bid. 

FIGURE 17 
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It was this law which an Army aviator, with whom the author once flew, had 
in mind when he added to the warning and caution stickers that traditionally 
abound in the cockpits of modem rotary-wing aircraft, this hand-lettered ad-
monition: "Caution. This helicopter built by the lowest bidder." 

The Budget Equation 

Law Number XIII concerns the impact of the congressional appropriations 
process in defense system management. 

In order to survive to completion, every government development program 
must maintain an extremely high single-skirmish-survival probability in its en-
counters with the various steps in the budget cycle. In the congressional approval 
process alone, a defense program's budget will be voted on at least 18 times a 
year, or a total of 144 times in the average program's lifetime. It does not seem to 
be possible to determine a priori the probability that any particular program will 
be funded or terminated by the Congress in any given year. It is, however, possi-
ble to predict with very good accuracy what the overall impact of the congres-
sional approval process will be on the defense budget; that is, the result, in the ag-
gregate, of the yearly congressional review process can be reduced to an equa-
tion. 

Figure 18 displays the effect of congressional actions on the administration's 
defense budget .requests in each year of the present decade. It is seen that a trend 
line can be quite accurately drawn which will predict the outcome of the congres-
sional review process on the budget of any given military department, or on the 
Department of Defense as a whole. This would suggest that the Administration's 
efforts to gain approval of its budget requests have about the same impact year 
after year, independent of the political parties involved or the magnitude of the 
budget change requested, the latter even over quite large excursions. 

These observations are summarized as follows: 

XIII: 	In any given year, the Congress will appropriate for defense the amount of 
funding approved the prior year plus three-fourths of whatever change the 
administration requests, minus a 4-percent tax. 

During the present decade, this law has applied with good accuracy over a 
ange of year-to-year changes in the requested funding level extending from 

minus 7 percent to plus 24 percent. This is shown in the above-mentioned figure. 

On Making a Precise Guess 

Law Number XIV examines the parallel between management decision-
making and Bismarck's observation about law-making. "Law," he said, "is like 
sausage: if you like it, you shouldn't watch it being made." 

As reported to the Congress at the time development was to be initiated, the 
total program cost for the Harpoon missile program was said to be $1,031.8 
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FIGURE 18 

Predicting Congressional Changes to the Defense Budget Request 
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million. For the A-10 program, the corresponding cost was defined as $2,489.7 
million-not $2,400 million; not even $2,489 million. Rather, the cost would be 
two thousand four hundred eighty-nine point seven million dollars. 

This great degree of accuracy may perhaps be somewhat surprising to the 
uninitiated in view of the fact that history shows the first digit of past program 
cost estimates to have been in error, on the average, by about 100 percent! The 
General Accounting Office, in its most recent report on the topic, for example, 
has stated that for Department of Defense acquisition programs now underway, 
67 percent are already overrun by more than 100 percent. 

Nonetheless, by examining the data in Figure 19, it is possible to derive the 
logic which underlies the practice of quoting fundamentally dubious numbers 
with a very great degree of apparent accuracy. It is seen from the figure that there 
is indeed a relationship between the number of "significant figures" quoted and 
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FIGURE 19 
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the true precision of the data at hand but this relationship is ju~t the opposite of 
what one might expect. My next law, which is based on a substantive collection 
of data such as that presented in Figure 19, states: 

XIV: 	The weaker the data available upon which to base one's position, the 
greater the accuracy which should be quoted in order to give that data an 
aura of authenticity. 

A problem which has long been faced in applying Law Number XIV, 
however, has been what to do in those cases wherein the analyses from which the 
numbers were derived provide only rather discrete results, such as $1 billion, or 
10 miles or 1 ton. The solution to this dilemma has been astutely observed by 
Lieutenant General Glenn A. Kent (USAF, Ret.) in his reviews of a large number 
of quantitative analyses. The solution consists simply of converting all data from 
the English system of measures into the metric system and back again! 

A derivative of this technique accounts for such phenomenal accuracies as are 
identified in a bulletin recently carried by a U.S. wire service concerning a British 
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. citizen whose private airplane was reported to have missed crashing into the con-
trol tower at an airport in England "by l~s than 39.4 inches." 

A related approach appears to have been used last year in testimony provided 
to the Congress by the General Accounting Office in which it was stated that the 
chances of a person on the ground being injured by a falling piece of a space shut-
tle launched in a northerly direction from Kennedy Space Center "are one in 
166,667." It may or may not be coincidence that one change in 166,667 equates 
almost precisely to 6 divided into a million. But clearly, one would not feel nearly 
as safe knowing that the chances of being hit on the head by a falling piece of 
shuttle are about "half a dozen in a million" as he feels when the probability of 
that happening is a single chance in 166,667. 

Still another approach underlies the fiscal year 1979 appropriation of $~5.418 
million for the Aegis program. Certainly, a great deal of detailed study must have 
been required to define the program's funding needs in such detail. But, alas, 
when scrutinized more closely it is found that the figure is the result of a com-
promise brought on by a dispute between the House and Senate whereby a lump 
sum of $11 million was simply patched on top of the original request by the Presi-
dent, which was for $14 .418 million! 

Actually, Sir Josiah Stamp, Her Majesty's Collector of Inland Revenue, was 
well on the track of Law Number XIV nearly a century ago, except that he applied 
it only to government and neglected its frequent use by industry, among others. 
Sir Stamp pointed out that: "The Government are [sic] extremely fond of amass-
ing great quantities of statistics. These are raised to the nth degree, the cube roots 
are extracted, and the results are arranged into elaborate and impressive displays. 
What must be kept ever in mind, however, is that in every case, the figures are 
first put down by a village watchman, and he puts down anything he damn well 
pleases!" 

Growing Like a Regulation 

Law XV provides the mathematical foundation for Lamennais's apothegm, 
which states: "Centralization breeds apoplexy at the center and anemia at the ex-
tremities." 

Large organizations, probably epitomized by federal governments, seem to be 
susceptible to the concept that regulations can become a substitute for manage-
ment. Today, for example, the U.S. Government has imposed a set of 23,000 
specifications on those who would sell to it a simple mousetrap. But, in spite of all 
the established rules, it is soon discovered that special cases occur, each requiring 
still further rules. And, of course, as new rules are added, none of the old rules is 
ever discarded; none, that is, until the entire management-by-regulation concept 
collapses of its own weight and a new cycle begins based on an altogether new set 
of regulations. 
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One particularly interesting but not atypical example of the growth of regula-
tions is to be found in the Armed Services Procurement Regulation (ASPR) which 
governs procurement of everything used in the nation's defense, from aircraft car-
riers to the paper on which the ASPR itself is printed. Figure 20 shows the rate of 
growth of ASPR over its lifetime, and verifies that it indeed exhibits a behavior 
consistent with .well established growth processes observed in nature. It is also 
noted that, based solely on its growth pattern, the ASPR appears to have reached 
its terminal phase-after which it can be expected to be replaced by a new set of 
policies. 

The degree of improvement wrought by these growth trends, as they have 
prevailed over the years, is suggested in the case histories of two airplanes. When 
the Army Signal Corps purchased the development of an aircraft from the Wright 
Brothers, the entire contract (a fixed-price incentive type) comprised two pages. It 
was the result of a 4~day competition among 41 bidders, which was culminated 
in a 9-day evaluation period by the government. An award was made (without 

FIGURE 20 
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protest) and the aircraft flew successfully 6-1/2 months later. The primitiveness of 
this management system contrasts sharply with the more sophisticated approach 
used today which, in the case of the giant C-SA transport, generated contractor 
proposals, the paper for which would have more than filled the C-SA itself. We 
are thus led to: 

XV: 	Systems of regulations created as a management surrogate take on a life of 
their own and exhibit a growth history which closely parallels that of 
selected other living entities observed in nature. 

Summary 

Augustine's Laws, largely derived from empirical evidence, might be inter-
preted as suggesting that it is simply not possible to develop major systems. Such 
is not the case. This is demonstrated by the many successes achieved by many 
able and dedicated managers. What they do suggest is that the unwary manager 
will very likely fall victim to phenomena which are every bit as predictable, and 
every bit as invincible, as processes governed by the physical laws of nature.JJ 

http:nature.JJ
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Augustine's Laws 
and Major System 

6 4 Development Programs 
(Contii1ued) 

Norman R. Augustine 

(The Defense Systems Management College published the first installment of 
"Augustine's Laws and Major System Development Programs" (Laws I-XV) in 
the Spring 1979 issue of the Defense Systems Management Review (Vol. 2, No. 
2). Since then the author has added eight more "laws ," which we are pleased to 
make available to Concepts readers. The American Institute of Aeronautics and 
Astronautics plans to publish , in the near future, the complete collection of 23 
laws in hardbound form. This installment of "Augustine's Laws" takes up where 
the first left off-at Law XVI and Figure 21 . 

The Manager of the Year 

When the going gets tough, everyone leaves. 
-Lynch's Law 

Law Number XVI addresses the problem of management turnover and is 
premised on the possibility that most managers, when dealing in a variety of 
endeavors, think they know their capacity but simply pass out before reaching it. 

Certainly, one of the greatest impediments to that fundamental precept of 
management referred to as "accountability" is the rapid turnover of individuals 
holding leadership positions. Government program managers in the acquisition 
process, for example, hold their jobs an average of only 30 months. Even this is a 
substantial improvement over the situation which existed just a few years ago, in 
1965, when such managers retained their jobs an average of only 15 months. 
Over the last two decades the tenure of the secretaries of the military departments 

© 1981 by N. R. Augustine 

Author's note: "Augustine's Laws," although sometimes written in a humorous vein to enhance 
readability and retentiveness, deal with real and serious matters. I offer them in a positive and con
structive sense with the hope that they will , by drawing attention to problems and some of their 
potential solutions, assist in at least some small way toward the strengthening of our nation's defense 
capability. 

Norman R. Augustine is Vice President of Martin Marietta Aerospace with corporate responsibil
ity for engineering, logistics , advanced programs, and capital investment. He has served as Under 
Secretary of the Army, Assistant Secretary of the Army for Research and Development, Assistant 
Director of Defense Research and Engineering in the Office of the Secretary of Defense, and is current
ly serving as Chairman of the Defense Science Board. His recognition in 1976 of the need for a 
publication devoted to the concerns of those involved in acquisition management resulted in the 
establishment of the Defense Systems Management Review, now known as Concepts . Mr. Augustine 
holds B.S. E. and M .S.E. degrees in aeronautical engineering from Princeton University . 
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and the Secretary of Defense as a group has been no better, also averaging about 
30 months. The consequences of this anonymity in responsibility once prompted 
an aggrieved Lyndon Johnson to remark, in response to a question by a reporter 
as to why he had not fired the individual who had scuttled one of the President's 
favorite programs: "Fire him? Hell, I can't even find him ." 

Could it be possible that so important a management tenent as leadership 
stability and accountability has been totally overlooked in managing our nation's 
defense affairs? No, there is reason for optimism. Consider the following 
newspaper article quoting senior Navy managers: "By constantly changing 
our . . . director every two or three years, we have destroyed continuity. If you 
had a million-and-a-half-dollar business, would you want to change bosses every 
three years for someone who didn't have any experience? Most directors come 
right from sea duty to this job, and it can take a full year to get to know the ropes. 
How many people in the Navy do you think know things like scheduling prob
lems?" 

Encouraging indeed: The problem is recognized. But is this an article from the . 
pages of The Wall Street journal discussing the management of an important new 
Navy fighter aircraft, or perhaps even a new shipbuilding program? Alas, the ar
ticle is from the sports pages of The Washington Post, addressing the decision 
reached a few years ago to stop rotating individuals through the position of 
athletic director at the Naval Academy. At least we have our priorities in perspec
tive. 

Gilbert Fitzhugh, Chairman of the Blue Ribbon Defense Panel of the late 
1960s, stated the situation in the following terms: "Everybody is somewhat 
responsible for everything, and nobody is completely responsible for anything." 
A two-star general once commented, in an outburst of candor in response to a 
question as to how he was going to work his program out of a seemingly 
untenable position into which it had descended : "Perhaps a miracle will happen, 
or else maybe I'll get transferred!." 

This problem of personnel turbulence, troublesome in virtually all manage
ment situations, is particularly acute in the case of major research and develop
ment undertakings . Consider the fact that studies of the frequency of reference to 
technical articles held in libraries, and of the change of content of course catalogs 
in the scientific departments of universities, indicate that the half-life of many 
technologies is today only about 10 years. 

Paraphrasing this inconsistency as once pointed out by the Armed Forces 
Journal International, we are attempting to develop major new systems with 

·10-year technology, 8-year programs, a 5-year plan, 3-year people, and 1-year 
dollars. 

368 - 609 0 - 82 - 5 QL 3 
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The evidence which underlies Law Number XVI is presented in Figure 21, 
wherein the longevity of program managers is compared with the (average) 
longevity of the programs they manage. As also shown in the figure, the people at 
the top of the legislative structure experience relatively little turnover. These 
numbers of the legislative branch not infrequently remind Defense witnesses testi
fying before R&D hearings that the congressmen and senators themselves know 
more about the history and underlying problems of the programs in question 
than does the parade of so-called experts who appear before them year after year 
with ever-greater enthusiasm and optimism. It is just this dichotomy, aggravated 
by the very length of the acquisition process, which in fact leads to the Law of 
Limited Liability: 

XVI: The problem with the acquisition process is that by the time the peo
ple at the top are ready for the answer, the people at the bottom 
have forgotten the question. 

FIGURE 21 
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Malice in Wonderland 

But Benjamin's mess was five times so much as any of theirs. 
-Book of Genesis 

Law Number XVII examines the incentive system-and demonstrates that 
managers who produce exceptional results can expect the rewards they receive to 
be increased. Unless, of course, those rewards stay the same or go down. 

"Call it what you will , incentives are the only way to make people work 
harder." The words of Andrew Carnegie? The creed of John D . Rockefeller? Or 
perhaps of Henry Ford? No, as it happens, these are the words of none other than 
that old capitalist Nikita Khruschev speaking on the benefits of the incentive pro
gram. 

Having thus established the manner in which incentives are viewed in the 
Soviet Union, it is instructive to examine their use in the economic system extant 
in the United States, for which incentives form the very foundation-the "free
enterprise system." 

Figure 22 displays the ranking of the 50 most profitable firms in the United 

FIGURE 22 
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States in 1978 as compared with the rank according to pay received of the indi
viduals who led those companies the prior 4 years. 1 The following law, known as 
the Augustine-Lemeshewsky2 Law of Distributive Rewards, explains the evidence 
in Figure 22 (with apologies to P. K. Wrigley of baseball fame) : 

XVII: There are many highly successful organizations in the United States. 
There are also many highly paid executives. The policy is not to in
termingle the two. 

If a plot is made showing rankings according to return-on-equity, the lack of 
correlation exhibited is even more striking than that found in Figure 22 for abso
lute profits. The evidence seems to be incontrovertible. 

Further, although one could never confuse the operation of the U.S. govern
ment with the free-enterprise system, it is still striking that an overt effort at 
demotivation has been practiced whereby the top five layers of management have 
all been fixed at the identical pay level due to the imposition of an apparently ar
bitrary wage ceiling. 

The Half-Life of a Manager 

We have a lot of players in their first year. Some of them are in their last 
year. 

-Bill Walsh, Coach, San Francisco 49ers 

Law Number XVIII examines the viewpoint expressed by former Dallas 
Cowboy Guard Blaine Nye: "It's not whether you win or lose that counts, " he 
says, "but who gets the blame." Will Rogers once pointed out, with respect to his 
business pursuits, "It is not the return on my investment that I am concerned 
about; it is the return of my investment. " Perhaps within this philosophy lies the 
key to refute the rather disappointing thrust of the previous law. 

Possibly the significant consideration with respect to successful managers is 
not what they get from their jobs, but rather that they get to keep their jobs. This 
possibility can be readily assessed using Figure 23, which displays the number of 
years the top executive in the 20 most profitable firms in the United States, in re
cent years, has been able to hold his job-as a function of the success achieved by 
that executive in increasing the company's profits . Unfortunately, the results are 
doubly disappointing. Not only do they fail to refute Law Number XVII, but 
worse yet, they call for still another law, the Law of Infinite Mortality: 

1. For the occasional instances where the leadership changed during the period examined, the data 
for that company are not included in the figure. 

2. Susan D. Lemeshewsky : Technical Operations Intern, Martin Marietta Aerospace . 
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FIGURE 23 

Executive Survivability 
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XVIII: Executives who do not produce successful results can be expected to 
hold on to their jobs only about five years. On the other hand, those 
who do produce effective results can expect to hang on about half a 
decade. 

It should be possible to fight this form of apathy; but so far it has not been 
possible to find anyone interested enough to do so . The conclusion of the above 
law seems to be true over a wide span of profit growth and even over severe prof
it "retrenchments," as they are gently referred to in stockholders' reports. The 
correlation coefficient between profit growth and the ability to retain one's job, 
on a scale where 0 is purely random and 1. 0 represents perfect correlation, is 
calculated to be 0.1. The strongest correlation observed between longevity and 
any other parameter examined is found to be between the first letter in the name 
of the company and the first letter in the last name of the chief executive; as in 
"Ford, Henry II. " 

A median survival duration of a little over 5 years for top executives may 
seem rather short at first glance; 3 however, it is really quite good when compared 

3. The data sample considered in Figure 23 contains a slight potential bias since the available 
evidence covers only a 10-year period. The impact of this is to have relatively little effect on the me
dian longevity addressed herein; however, the overall (arithmetic) average longevity would perhaps 
increase to 7 or 8 years . 
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with many other professions such as, say, coaching football. Consider the case of 
the Washington Redskins coach, who, several years ago, was fired at half-time of 
the first exhibition game; or the situation that developed a few years later when 
the team had three head coaches in 24 hours . In fact, in pro football it is clearly a 
liability to be recognized for outstanding performance. Of the last 15 coaches to 
be honored by the Associated Press as coach of the year, 11 were fired within the 
next 12 months. As Bum Phillips, coach of the Houston Oilers, notes, "There's 
only two kinds of coaches, them that's been fired and them that's about to be 
fired ." (Phillips has since been fired by Houston). 

It would seem that to err may in fact be human, but to forgive is, by and 
large, against company policy. As John McKay, coach of the Tampa Bay Bucca
neers points out, 'They're paid to catch the ball ." It can, of course, be asserted 
that many of the individuals included in the data base of Figure 23 retired or 
moved on to more important jobs. But it can be equally accurately asserted that 
many of these individuals were yet relatively young at the time of their depar
tures and already enjoyed some of the best jobs in America. 

Nonetheless, there is no need for discouragement, since the incentive system 
is, in spite of the above evidence, still alive and well : "People who show the best 
example in their work must receive greater material benefit" -according to a 
speech-before the Supreme Soviet-by the Premier-of the U.S .S.R. And right 
here at home it was recently pointed out that "the challenge for American 
capitalism in the '80s is to bring the entrepreneurial spirit back to America. 
Depressed areas especially need an enormous investment of capital. Individual 
entrepreneurship can create the new work ethic that is so desperately needed in 
America. To stimulate that ethic America needs creative financing . .. and I in
tend to work to create it." 

So said Jerry Rubin, Yippie leader of the 1960s and a defendant in the Chicago 
Seven trial-speaking in the 1970s as a security analyst on Wall Street. 

The Reliability of Unreliability 

Adde Parvum Parvo Magnus Acervus Erit. 4 

-Ovid 

The following law deals with the relationship between the Ieliability of com
plex hardware and that human tendency reflected in the World War II placebo: 
"We know of not a single instance wherein the enemy has successfully used 
camouflage against us. " However, with respect to the matter of enhancing 

4. "Add little to little and there will be a big pile." Quoted from The Mythical Man Month by 
Frederick P. Brooks, Jr. 
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reliability, we have in fact viewed the enemy; and, to once again quote that im
mortal possum, "he is us, " -but we seem unwilling to recognize this is the case. 

It does appear to be fundamental to the human race to believe that which one 
wants to believe rather than that which a logical examination of fact would 
reveal. George Santayana put it in the following terms: "All living souls welcome 
what they are ready to cope with; all else they ignore or pronounce to be 
monstrous and wrong . . . or deny to be possible." It would appear that Mark 
Twain may have been unduly generous toward humanity when he speculated, "I 
believe that our Heavenly Father invented man because He was disappointed in 
the monkey." 

Consider the crucial matter of producing more reliable hardware; and, in par
ticular, electronic hardware, which everyone knows comprises components 
whose individual reliabilities have been improving at a rate of about 15 to 20 per
cent per year for nearly two decades. Further, with size decreasing dramatically 
and the aggregate cost of integrated circuits consistently decreasing since 1963 
along a 75 percent learning curve, it should be possible to achieve extraordinary 
system reliability through careful component selection and built-in redun
dancy-and thus to eliminate what has been one of the most troublesome prob
lems for electronic equipment users for many years: unreliability. 

In the words of Lieutenant General Orwin Talbott, "The longer a man is in a 
command position on the battlefield, the less enamored he is of the technological 
edge and the more obsessed he becomes with trying to make what he has work." 

Now, if one were not privy to the anachronistic behavior of engineering and 
management activities as they have been dissected herein, one might in fact un
wittingly conclude that as more and more money is spent on an item, its reliabil
ity would get progressively better and better. The initiated would never fall into 
such a logical trap and would recognize immediately that quite the opposite must 
be true. That this latter situation indeed prevails is verified in Figure 24, which ex
hibits field reliability data on a number of airborne electronic systems as collected 
during the Electronics-X study conducted under the aegis of the Institute for 
Defense Analyses. It is seen that the items examined range from relatively simple 
devices such as marker beacons and glide-slope indicators, to completely 
automated multichannel airborne intercept systems. The costs and reliability fac
tors change with increases in inflation and technology-but the trend at any 
given time remains unwavering. Whatever the spectrum of equipment and tech
niques involved, the conclusion is unmistakable: As cost increases, reliability 
does not improve; rather, it worsens. Frank McKinney Hubbard (1868-1930 ad
vises, "If at first you do succeed, quit trying." This is summarized in the Law of 
Undiminished Expectations: 
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FIGURE 24 
Impact of Increasing Unit Cost on Field Reliability 
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XIX: It is very expensive to achieve high degrees of unreliability. It is not 
uncommon to increase the cost of an item by a factor of ten for each 
factor of ten degradation accomplished. 

Dr. Eb Rechtin , President of The Aerospace Corporation, points out that such 
has been the pace of technological progress that by spending $250 million for an 
item, a mean time between failure of 30 seconds can be guaranteed. Correspond
ingly, one might suspect that a mean time to repair of 30 months could be suf
fered . 

Although great care must, of course, be taken in interpreting the meaning of a 
"failure" (all failures are not created equal, nor do they have equal consequences), 
data released on the mean flight hours between failure for 12 different types of 
Navy and Air Force fighter and attack aircraft are illuminating. Nine of the 12 
aircraft experienced a "failure" at least once every 30 minutes. Of those, five ex
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perienced failures every 15-20 minutes. This would seem to be conclusive proof 
of the correctness of those who have argued that the next strategic bomber must 
be supersonic rather than subsonic. 

In any event, it can be understood why there are those who say that an air
plane is merely a collection of spare parts flying in close formation. 

It should be noted that the above law, regrettably, cannot be limited solely to 
airborne electronics. For example, even that most "ground-borne" item of mili
tary hardware, the tank, is a notorious offender. The M60A2, the first tank hav
ing an all-electric turret control system, contained 35,000 parts in the turret alone 
(and in the field performed for many years exactly like a tank with 35,000 parts in 
the turret alone). It was, in fact , just such a design which once caused Dr. John 
Foster, then the Director of Defense Research and Engineering, in an understand
able moment of pique, to answer a question as to how one might best defeat a 
tank assault by saying, "Give them plenty of room to run around and they will all 
break downr' When considering the enormous logistical burden created by such 
problems of unreliability, some solace can perhaps be derived from the reali
zation that if the Soviet Union's tanks have no better reliability and repair rates 
than ours, then with their huge inventory the Russians are stuck with more 
broken tanks at any given moment than we own altogether. 

What, of course, is happening is that as component reliability improves, more 
components are crammed into each system to provide more and more capabil
ity-that is, more capability during those interludes wherein the system is not 
broken. A modern jetliner has about 4.5 million parts, including 100 miles of wir
ing. The Nike Hercules air defense system contained well over one million parts. 
But if a system has one million parts, each with a reliability of 99 .9999 percent for 
performing some specified mission, the overall probability of the mission failing 
is over 60 percent. The foreman of a tank plant perceptively explained the solu
tion in the following terms: 'The part you engineers don't put on the machine 
ain't going to cause no trouble ." 

Thomas Paine summed it all up in the 1790s when he counseled, 'The more 
simple anything is, the less liable it is to be disordered, and the easier repaired 
when disordered. " Sadly, it has become commonplace to view high technology 
and simplicity as contradictory terms. The two are not, in fact if not in practice, 
antonyms . The problem is to use technology in a fashion which engenders 
simplicity. Who could argue, for example, that today's pocket calculators are less 
reliable than their 18,000-vacuum-tube predecessor, the ENIAC, which complete
ly filled a room? 

Law Number XIX, which states that expensive systems won't work, can be 
seen to pose a particularly serious dilemma to equipment designers when it is ap
plied in conjunction with Law Number X, which already has noted that inexpen
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sive systems are not possible (they require infinite testing). This all may be 
academic, however, since it has also been established (in Law Number VIII) that 
before long it will not be possible to afford any new systems anyway. 

FYI 

We sure liberated the hell out of this place. 
-An American soldier, World War II 

Law Number XX addresses the matter of engineers and managers destroying 
the English language while trumpeting the worth of their activities; or, as the say
ing in Brooklyn goes, "It was the loudest noise they ever seen. " 

Most major engineering activities depend on widespread public understanding 
for their funding or for their social acceptance, if not both. Yet, in spite of the 
many examples of contributions to mankind made possible through technology, 
the general public still harbors a considerable skepticism of the net benefit 
wrought by past technological advances. As a result, budgetary and environ
mental limitations abound, and support for basic research continues to erode in 
many quarters. The problem is exacerbated by the very language engineers and 
managers use to communicate their achievements, a language which appears to 
be formulated to assure that no information might be transmitted-either to the 
public or, frequently, among themselves. 

A former Principal Deputy Under Secretary of Defense for Research and 
Engineering, Gerald Dinneen, met this problem head-on, pointing out that "we 
go to the Congress and tell them that our WWMCCS has got to have a BMEWS 
upgrade, our Fuzzy Sevens have to be replaced by PAVE PAWS, we want to keep 
our PARCS and DEW in operation, we have to harden the NEACP, and we have 
to improve our MEECN with more TACAMO and begin planning to replace 
AFSATCOM with Triple-S-and then we wonder why no one understands." 

The extent of the problem faced by the uninitiated can begin to be appreciated 
by considering the following excerpt from an Air Force document on the im
plementation of the new acquisition policy, A-109 : 

-The HQ USAF / RD sends the draft MENS through SAF/ ALR to 
OUSDRE for OSAF, OSD, DIA and OJCS staff, level comment. 
-The HQ USAF / RD OPR develops the for-coordination draft 
MENS and presents the MENS, comments and proposed solution 
approach to the HQ USAF RRG for corporate review in lieu of the 
underlying SON(s). 
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To the unwashed, this might convey a message something like: 

-The blank blank/ blank blank sends the draft blank through 
blank/ blank to blank for blank, blank, blank, and blank staff-level 
comment. 
-The blank blank/ blank blank develops the for-coordination 
draft blank and presents the blank, comments and proposed solu
tion approach to the blank blank blank for corporate review in lieu 
of the underlying blank(s). 

Clearly, having drawn such a blank when dealing with the process of replac
ing ROCs (required operational capabilities) with MENS (mission element need 
statements), GORs (general operational requirements) and SONs (system opera
tional needs), one can understand why there are those who have been able to con
clude only that somehow SON of MENS must have been GOR'd by ROCS . 

Of course, the liberal use of acronyms and other means of obfuscation does 
have the advantage of making sometimes pedestrian material appear rather 
erudite in that it becomes more difficult to comprehend. Who, for example, 
would pay a medical doctor $20 in exchange for his scribbling on a piece of paper 
"Take two aspirin"? Hence, the practice of writing prescriptions in Latin or, at the 
very least, using indecipherable handwriting . 

A practitioner who, rather than admonishing 'Take two aspirin," could 
prescribe 'Take two acetylsalicylic acid" and, in addition, do so with poOr pen• 
manship could very likely qualify as a specialist and thereby command at least 
$40 for the services rendered. 

As might be expected, the potential of uncommunicative communication has 
not gone unnoticed by the government and other large organizations. That most 
intimidating of all documents, the federal income tax Form 1040, is generously 
sprinkled with IRAs, HRs, IRSs, U.S.s, FICAs, RRTAs, R&RPs, Eis, EICs, 
ZIPs .. . and, ignominiously, something called "WINs." 

This striving to impress is also evidenced above the entrances to public 
buildings, where the inscriptions, presumably for the edification of tourists, are 
of course offered in Latin. It thus may be that no one really knows what E 
Pluribus Unum really means . .. but no one can question that it is impressive. 

A few years ago when in the midst of the national anti-ballistic missile debate 
the name of the then-troubled Zeus missile was changed to Spartan, it was only a 
matter of hours until some knowing wag had posted a sign on a Pentagon bulletin 
board proclaiming: "Spartan: Special Political Advantages Realized Through Ad
vanced Names ." A few years later, the oft-analyzed but never-deployed ad
vanced manned strategic aircraft, AMSA, became known among its much
suffering advocates as "America's Most Studied Aircraft. " 
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Similarly, at a security gate at Cape Kennedy on the approach to one of the 
launch pads is a sign which, among a number of cautions about explosives, flam
mable liquids, falling objects, high voltages, etc. , conspicuously warns visitors 
that "POVs are prohibited." Now, this is, of course, cause for consternation 
among those who may wish to enter but are somehow not exactly certain whether 
they have a POV in their possession. It therefore can be with no inconsiderable 
relief that one learns that a POV is merely governmentese for "privately owned 
vehicle," i.e., presumably a shortened form for the word, "car." Correspon
dingly, a "range extension system," better known as an RES in guided bomb 
parlance, is, in less knowledgeable circles, merely referred to in its short form as a 
"wing" !. 

There are those individuals, both outside the government and inside, who are 
endowed with that special talent to take fairly straightforward concepts and, 
through suitable embellishment, make them quite nearly incomprehensible. The 
original lucid statement of the acquisition policy which David Packard, then 
Deputy Secretary of Defense, was to promulgate for the Department of Defense 
was written by himself and had an acronym content of only 0.2 percent of the 
words contained therein . However, by the time this statement was translated by 
acronymologists (so it could, presumably, be more readily understood) into the 
regulation which underpins much of the Defense Department's present acquisi
tion policy (DODD 5000.1), acronyms comprised fully 10 times the above frac
tion of all the words in the document. It seems doubtful, indeed, that Deputy 
Secretary Packard would ever recognize his policy in its new, improved form. 

It is suggested that there are those who believe that a measurement of the per
cent of words in a particular work which takes the form of acronyms can be used 
to determine the implicit worth of that work. Clearly, the greater the number of 
acronyms the greater the intellectual value of the material since, obviously, the 
last thing anyone engaged in communicating would wish to do would be to deny 
a portion of the audience the message being conveyed. Thus, in view of their 
widespread use, acronyms must be concluded to be a valuable contributor to the 
worth of most material. 

Figure 25 examines this premise and presents for a number of important acqui
sition documents the actual acronym use-factor, called the "acronym activity in
dex" (AAI), measured in the fundamental unit called a "GLOP" (itself, not sur
prisingly, an acronym for "groups of letters for obfuscating points") . The success 
achieved in the bountiful use of acronyms in these documents is evident from the 
enviable ratings shown. These ratings are particularly creditable when contrasted 
with those of the more acronymically impoverished examples from other writings 
which are also included at the bottom of the scale. Clearly, communication in the 
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FIGURE 25 
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material acquisition arena has risen to a very high plateau. In fact , a newly 
prepared government document has a list of 10,000 official abbreviations to be 
used in specifications alone . Approximately, the document is referred to as 
"DOD STD-12." 

Law Number XX, the Comprehensive Law of Incomprehensibility, derived 
from evidence such as that just discussed, can be stated: 

XX: 	 Profound concepts are often characterized by their difficulty of 
being understood; therefore, persons unfamiliar with Greek or Latin 
should give intellectual depth to their ideas by utilizing acronyms to 
a degree more or less proportionate with the lack of sophistication of 
the ideas being presented. 

There are still further advantages to acronymical "anonymity." For example, 
it may seem quite sensible for a radar designer to point out that HF and UHF are 
simply too low frequencies to be of much interest for target-tracking applications. 
However, to state that "high frequency and ultra-high frequency are too low fre



7811 Concepts 

quencies to be of much interest for target-tracking applications" would suggest 
the speaker must be suffering from some form of semantic delirium . Such is the 
advantage of being obscure clearly. 

The current trend toward ever-greater proliferation of acronyms does, 
however, introduce a spectre of danger: the potential advent of an acronym gap. 

The Defense Marketing Survey has stated that in carrying out its services it 
has compiled a list of over one million acronyms which are in common usage in 
defense matters. These consist principally of "words" made up of five or fewer 
letters. Since the number of possible five-letter (or less) acronyms that can be 
formed with the English alphabet is no more than about 14 million, it can be seen 
that nearly 10 percent of all possible reasonable acronyms have already been used 
up. With the accelerating use of such nomenclature, the day when the creation of 
new systems will no longer be possible thus may not be too distant. This, of 
course, portends ill since the Soviet Union enjoys a position of inherent 
acronymical superiority over the United States owing to its possession of an 
alphabet containing 32 letters. Some form of accommodation with China and its 
enormous language population of 14,000 characters would therefore appear to be 
prudent. 

Still another possible solution to the acronymical gap would, of course, be to 
adopt even longer and less pronounceable letter groupings-an arena in which 
the U.S . Navy has been in the forefront for some time. One necessarily wonders, 
however, the impact even today on an organization's or individual's self-esteem 
to be known as the NAVHLTHRSCHEN, the NAVDISTCOMDTS, COM
NAVOCEANCOM, or the NAVMEDRSCHU. On the other hand, this identity 
might not appear all that unattractive to individuals assigned to such organiza
tions as ARF, ARG, NEMISIS, DRAG, MORASS, or AWFL5 (pronounced 
"awful"), but would represent a considerable come-down to the Chief of Naval 
Air Training, CNATRA, better known simply as "Sinatra." 

Many acronyms do not mean what the inexperienced observer might 
suspect . . . ANTS, GNATS, DOG, FROG, COD, APE, RAT, BAT, RAM, and 
CLAM have nothing whatsoever to do with the animal kingdom or Noah's Ark. 
Rather, they stand for airborne night television system, general noise and tonal 
system, Development Objectives Guide, free-rocket over ground, carrier on-deck 
delivery, advanced production engineering, ram air turbine, ballistic aerial 

5 . Aerospace Recovery Facility, Amphibious Readiness Group, Naval Ship Missile System 
Engineering Center, (Nuclear) Design Review and Approval Group, Modern Ramjet System Syn
thesis, Air Force Weapons Laboratory . 
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target, reliability and maintainability, and chemical low altitude missile, respec
tively.6 

In the evolution of an acronym, letter combinations which defy pronuncia
tion are simply reconfigured. Thus, National Emergency Airborne Command 
Post, NEACP, becomes the "Knee Cap"; the Combat Developments Objective 
Guide becomes the "Sea Dog"; the Nuclear Weapons Development Guide 
becomes the "New Dog"; the airborne laser illuminator, ranger, and tracking 
system becomes "Alley Rats"; and the radar target scatterer becomes the "Rat 
Scat." 

The next anthropological stage in the development of an acronyqt takes place 
when verbal representations of a set of letters are converted back into a written 
form, a stage in which, inexplicably, the resulting acronym is often totally dif
ferent from the one which started out!. Thus, the fixed special surveillance (radar) 
known as the FSS-7 becomes, when rewritten, the "Fuzzy Seven." Or the electri
cal unit, the Pico-Farad, is abbreviated PF, which, after phonetic transliteration, 
is itself often de-breviated "Puff." The ultimate state of maturity of an acronym 
occurs when it is finally written in lower case and everyone forgets that it is in 
fact an acronym, such as "radar" and "laser." 

Actually, those working on aerospace and other national security matters can 
make no particular claim to superiority in the acronymical arena. Regulators in 
all areas have excelled in the exploration of this powerful means of increasing 
confusion among the masses. Consider the world of federal finance, where the 
unpronounceable "FNMA" simply becomes a Fannie Mae-closely related, it is 
said, to a Freddie Mac . Still other mortgage instruments closely parallel in termi
nology some of the expressions already discussed pertaining to defense matters, 
such as SAMs, RAMs, FLIPs, and ARMs. Most ominous in the world of mort
gages is something called a GPAM, occasionally pronounced "Gyp 'em." 

But amid all this confusion is to be found redeeming virtue: Countless 
numbers of Russian cryptanalysts must surely be fruitlessly engaged in trying to 
understand what American managers are talking about.7 Consider, for example, 
the dilemma of a Russian cryptanalyst confronted with the task of reporting to 
his superior a passage dealing with topics such as the computer language: "Jules 

6. The author experienced the type of problems which can arise from such double meanings on the 
very first day of a recent tour in the Pentagon . While faithfully carrying out an assigned appointment 
schedule on Capitol Hill in preparation for a forthcoming confirmation hearing, the author felt it 
rather inappropriate that typed after the name of several senators on his calendar was the notation 
"OLD SOB ." It was only some time later that it was learned that "OLD SOB" can, in Washington, 
also mean "Old Senate Office Building." Nonetheless, the ambiguity, in several instances, lingers to 
this very day . 

7. Just as are many American managers. 
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own version of the international algebraic language, seismic instrusion detection 
systems, clear air turbulence, multiple independently targetable re-entry vehicles, 
modular electronic warfare simulators, modular electro-optical warfare simu
lators, high altitude particle physics experiments, beacon-only bombing systems, 
Develpment Objectives Guides, surface-to-air missile (systems) , battlefield area 
reconnaissance systems, weather observing and forecasting systems, hostile 
weapons locating systems, submarine anomaly detection, tactical air-defense 
computerized operational simulators, biological aerosol detection, automatic test 
equipment, anti-radiation missiles, tables of organization and equipment, mutual 
assured destruction, built-in test , inertial navigation, high altitude transmission 
experiment, and directional attack mines." 

Such a report by a Soviet analyst might sound something like : 
JOVIAL SIDS CAT, MIRV, MEWS, and MEOWS. 
HAPPE BOBS DOG, SAM, BARCS, WOFS, AND HOWLS. 
SAD SAMS TACOS, BAD MIRV ATE . 
MIRVS ARM AND TOE, MAD SAM BIT IN HATE . 
. . . DAM! 

In summary, simply stated, it is sagacious to eschew obfuscation. 

Costing Enough to be Useful 

Live within your income 
Even if you have to borrow to do it. 

-Josh Billings 

Law Number XXI explains the empirically observed relationship between the 
cost of an item and the quantity of that item which is purchased; or, as tennis pro 
Ilie Nastase noted in explaining his failure to report the loss of his wife's credit 
card, "Whoever has it is spending less than she was. " 

Figure 26 shows the rather unexpected relationship which exists between the 
quantity of an item which is purchased and the cost per unit of that item. It is seen 
that most articles fall along a constant trend line which encompasses equipment 
spanning from the $100-per-copy LAW antitank rocket to the multibillion-dollar 
aircraft carrier Nimitz. Why this should be the case may help explain some 
underlying difficulties in the material acquisition process. 

One obvious explanation is that the quantity of an item which can be afforded 
depends on the cost of the item, and the number procured is a simple consequence 
of that one fact. This seems to be a rather unsatisfactory interpretation, however, 
since it implies that there are no unique requirements for larger or smaller quanti
ties of various types of equipment; one merely buys few of an item because it hap
pens to be more costly or many because it happens to be less costly, independent 
of what the item may be intended to do or of the need for that item. 
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FIGURE 26 

Cost-Quantity Trade-offs in Military Hardware 
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In this regard it is interesting to note that there exists a maximum acceptable 
unit price, IOI0f NL2 for any individual item of equipment, and this price depends 
only on the quantity, N, of that item to be purchased. Once the quantity has been 
determined, the striking conclusion is that the cost of all items gravitates to this 
maximum . Additional capabilities somehow creep into the hardware until the 
unit cost approximates the above-mentioned value, which is known as the 
"threshold of tolerance. " 

Thus, any item of which only a few are needed can (and will) be allowed to 
take on additional features until the cost rises to the vicinity of the limit de
scribed. Bert Fowler, Vice President of the MITRE Corporation and former Depu
ty Director for Defense Research and Engineering, has pointed out that for some 
reason a mess table on a nuclear submarine costs substantially more than a mess 
table on a conventional submarine. Similarly, a clock in a Mercedes Benz costs a 
great deal more than a clock in a Volkswagen . So it goes with each component 
until the capability and cost of the entire system rise to the threshold of intoler
ance as described in the Law of Conservation of Input. 

368 - 609 0 - 82 - 6 : QL 3 
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In those early days, however, the pressure toward more capable and more 
costly designs was already at work. Professor Wood notes in passing that "the 
Curtis-Wright, Jr . airplane was designed to the following simple specifications, 
listed in order of importance: (1) low first cost, (2) safety, (3) appearance and per
formance. Professor Wood goes on to explain that "the actual first cost achieved 
in building this airplane (about $1,400 retail in 1930) was considered at the time 
to be exceptionally low, though the safety record was not quite so satisfactory, 
and the sacrifice of performance (cruising speed of about 65 mph) turned out to 
be so excessive that the airplane found little use as a means of transportation in 
competition with the automobile ." · 

The seeds of increasing expectations were sown at an early time. 

XXI: 	 The features incorporated into any given system will continue to in
crease until the unit cost of the system in dollars approximates the 
Threshold of Intolerance, which is defined as 1010/ Nl-·2 , where N is 
the quantity of the item which is to be purchased. 

This trend toward higher cost is, of course, exacerbated by the fact that the 
exponent in the denominator above is greater than unity. This means that the 
high unit cost which is acceptable for low-quantity items more than offsets the 
volume impact of high-quantity items-so that a contractor does slightly more 
business by dealing in high-cost/ low-volume materiel. Similarly, program 
managers of high-unit-cost items will be able to enjoy the status of directing 
larger overall enterprises than their counterparts dealing in more economical 
systems, albeit procured in larger volume. 

On the other hand, an approximation to Law XXI is that the quantity of an 
item procured multiplied by its unit cost always equals 1010 dollars. This provides 
a convenient method of determining the total procurement quantity for most pro
grams. 

Over the years others have studied various effects related to the one noted 
herein. AI Flax, President of the Institute for Defense Analyses and former Assist
ant Secretary of the Air Force, has pointed out one such interesting investigation 
described in the 1939 edition of Airplane Design. In that book, K. D. Wood ad
dressed the relationship between the quantity of various types of aircraft which 
were purchased and the price of those aircraft. A principal difference in the obser
vations of Professor Wood and the present data is, sadly, that the most expensive 
aircraft in the former study cost less than $5,0001 
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All Started by a Spark 

Nearly all men die of their remedies, and not of their illnesses. 
-Moliere 

General of the Army Omar N . Bradley often and with his usual perceptivity 
quoted the old Signal Corps maxim that Congress makes a general, but only com
munications can make him a commander. In our zeal to emulate this truism, 
however, we have somehow managed to place ourselves in so extreme a position 
that it has sometimes been suggested that the side that wins the next war will be 
the one with the last antenna standing. As Bob Everett, President of the MITRE 
Corporation, has warned us with no inconsiderable amount of concern, there are 
those who would have us believe: 

The American Soldier, 

His strength is as the strength of ten, 

'Cause he has LSI. 


LSI, large-scale integration of electronic circuitry, is indeed important. But 
one suspects such intangibles as courage, motivation, and initiative may still be 
worth more than their weight in silicon. 

Nonetheless, The Washington Star reported that "if past wars were won or 
lost in places like the playing fields of Eton, future wars will be won or lost on 
computer terminals. " The magnitude of the computer explosion has been il
lustrated in a recent session at M.I.T. where Michael Dertavzos noted that in the 
next few decades it will be feasible to store the world's knowledge in a computer 
for about half a billion dollars per LOC. But, in this case, an "LOC" is not the 
pedestrian "line of code, " but rather, is a "Library of Congress." Needless to say, 
this is a potential that cannot be overlooked, either. 

Such viewpoints do point to a trend in the proliferation of electronics which 
would be either productive or counterproductive, depending on how they are · 
harnessed . The notion of computers fighting one another is already a reality. 
Much has been written about giant data processors developing codes to protect 
the secrecy of messages while enemy computers simultaneously seek to decipher 
those codes. Or, on a smaller scale, there are today computers controlling 
countermeasures devices in electronic warfare operations and enemy computers 
managing the enemy's counter-countermeasures equipment, and friendly com
putrs assigning counter-counter-measures, and. . .. 

Each application of electronics thus seemingly leads to still another in an 
almost endless chain, raising the danger that electronics may indeed dominate all 
equipment before it can itself be controlled. Giant computers are at work design
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ing their own offspring-the ultimate in electronic perpetuation. The extent of 
this prolific trend is examined in Figure 27, which represents the fraction of 
military fighter / interceptor/ attack aircraft weight attributed to electronics. It has 
been observed that airplanes are merely a form of truck in which to carry elec
trons around the sky. Further, the trend with time is, unfortunately, un
mistakable. Extrapolating once again, undauntedly, certain characteristics of that 
sole airplane which was proved in a prior law (Law VIII) to exist a few decades 
from now can be derived . Namely, it will be made entirely of electronics. 

As dubious as it may seem, in order to sustain the above well-established 
trend, airplanes will eventually have to be built using black boxes in place of 
pilots and shooting streams of electrons or photons; this since there will be no 
space available for either pilots or bullets. In this space-age airplane, travel 
beyond the atmosphere may even be possible; but since there will be no room for 

FIGURE 27 

Trends in Avionics Aboard Fighter/Attack Aircraft 

20 
LL. 
0 
1
z 
w 

• A6Au 
F 106Ae 

a: 1- 10
WJ: 
CI..C!J • F 14AF " 1118.
<(- 8 

~ F 16Acnw F -40
<(:!: #,• •F -18AF 111A •• -#·f 1SA1- ~ 6 ••J:I f 1050 A 7A ,,F 1018

S!~ 
WU.J 

A SA 
,*'• ,,:!:1 f 1()4C 

Ci) LL. 4 
u<( 4C ,,f 10 1C e • A A lOA..,.,
25 F 8C.Oa:>
<(<( ,'.

,, 
,, f 1058c 

.. f 89A ~ 2 
l ...e F 86E...J 

P S1 ,,~<( 
1 . ,,, Ci) 

z ,, 
• ePJa 

e F l O lAPJ9
1 
1940 1950 1960 1970 1980 

YEAR OF INITIAL OPERATION 



Augustine's Laws /Iss 

conventional engines, some form of electrical propulsion will presumably be 
demanded to give the electron its due. This has, clearly, the makings of science 
fiction, but the trend toward ever-increasing electronic content of aircraft does 
seem to deserve a skeptical re-examination. The Law of Unrelenting Electrifica
tion unabashedly predicts that : 

XXII: 	 The contribution to aviation is so great that by the year 2015 there 
will be no further airplane crashes. Unfortunately, there will be no 
further takeoffs either: Avionics will then occupy 100 percent of 
every airplane's weight. 

Only now, with the establishment of this law, can it be explained what Lord 
Kelvin, who did so much to advance modern science, had in mind when he 
predicted more boldly than wisely that "aircraft flight is impossibler' All those 
snickers over the years can be seen to have been undeserved; he, like Calvin 
Coolidge, was ahead of his time . But the law stated herein would certainly in
dicate that it was also not his finest hour when he predicted, "Radio has no 
futurer' There can be little question that, as the Chinese proverb states, "It is dif
ficult to prophesize, especially about the future. " 

It is clear that when Law XXII is fully realized, there will be no space or weight 
remaining on combat airplanes to carry weapons with which to attack the target . 
But even this may not be altogether inappropriate. With the high cost of modern 
air-to-ground weapons, it may prove cheaper to simply innundate the enemy 
with the avionics pods that will be filling most of the stores-stations anyway. 

A related circumstance actually occurred during World War I when the Ger
ma.n Air Force, seeking to draw fire away from its bases, began constructing a 
false airstrip occupied only by wooden airplanes, wooden vehicles, and wooden 
buildings. Unable to draw the attention of the Royal Air Force, the Germans con
tinued to expand and improve upon the deception until finally, having spent 
nearly as much money as would have been required to construct a legitimate air 
base, they abandoned the effort in frustration. The extent of frustration was not, 
however, to become evident until a few days later when a lone British aircraft 
flew down the main runway and dropped a single wooden bomb!. 

It may be that the trend toward filling all available space within an airplane 
with electronics will eventually necessitate a return to the early days of aviation 
when the electronics were actually trailed on a line behind the aircraft. According 
to the 1919 edition of U.S. Army Aircraft Production Facts, "airplane radio 
antenna for telegraph work consisted of about 300 feet of fine braided copper 
wire trailing below and behind the plane from a suitable reel and held in place by 
a lead weight of approximately 1% pounds attached to its end ." Unfortunately, 
with today's emphasis on low-altitude military flying , it is doubtful that the envi
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ronmental impact of such a concept would be acceptable. Even in 1919, the prac
ticability of such a scheme suffered some doubt in that it was duly noted : "Mr. 
McCurdy, the pilot, had to pay so much attention to flying his machine that he 
could send only detached letters of the alphabet." 

In fairness, it should be noted that, as pointed out by Dr. George Heilmeier, a 
former Director of the Defense Advanced Research Projects Agency and current
ly Vice President of Texas Instruments, "If the automotive industry had pro
gressed during the last two decades at the same rate as the semiconductor in
dustry, a Rolls Royce would today cost only three dollars, and there would be no 
parking problem because each automobile would be one-quarter inch on a sider' 

But, at the same time, there remain those cynics of the role of electronics who 
would point to instances in the space program where had a human not been on 
board there would have been no one available to repair the failures encountered 
in the life-support system. 

There are also those who might irreverently note that if it were not for the 
radar display screens in cockpits, there would be no place to affix all the caution 
and warning stickers. The rampant use of computers is such that there are now 
those who refer to an airplane and its associated engines as "peripherals. " 

This trend is nowhere better represented than in the case of the manned 
bomber. The World War II B-29 contained about 10, 000 electronic component 
parts, the B-47 approximately 20,000, the B-52 50,000 and the B-58 nearly 
100,000 ... or a factor of two each generation. But this rate of growth has been 
eclipsed by the B-1, which is packed with microcircuits containing as many active 
elements on a single chip as were carried in an entire B-58. Dr. Allen Puckett, 
Chairman of the Board of Hughes Aircraft Company, comments-not too 
seriously-that "the real miracle of the Wright brothers flight was that they ac
complished it without the use of any electronics at all. " He explains, "The only 
electrical devices in the Wright Flyer were the magneto and the spark gap in each 
cylinder of the engine. " Today, an International L-1011 contains $4 million of 
avionics, which was roughly the worth of a DC-7C some 20 years earlier. In fact, 
about $1 million in 1960 would have bought every microcircuit then in existence. 

Not only have airplanes succumbed to the electrifying experience of embrac
ing high technology, but so too have the missiles they shoot. The Phoenix missile, 
for example, contains 538,000 active circuit elements, contrasting markedly with 
its forebear of a dozen years earlier which suffered through its existence on a mere 
118 active elements. Fortunately, great strides have been made in increasing the 
reliability of electronic circuitry; however, correspondingly great discipline must 
now be exercised not to negate this gain by the unbounded introduction of more 
and more circuits. 
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Bit by Bit 

We look at it and do not see it. 
-Lao-tzu, sixth century B.C. 

This law addresses one of the most ethereal substances to challenge technical 
managers in many years, a substance that seemingly creeps into systems to an 
ever-increasing extent, even in instances wherein its very need may be in doubt. It 
is somewhat as Mark Twain has noted, "Banks will lend you money, if you can 
prove you don't need it ." 

Considerable strain can be seen to be building within the acquisition process 
as engineers and managers seek to produce useful products while complying with 
the plethora of laws that have come into existence, both natural and man-made. 
Indeed, laws, like regulations, seem to grow like weeds (See Law XV). Compli
cating the effort to comply with all the regulations is the often contradictory 
guidance given by official bodies, such as the various committees of Congress. In 
fact, in several recent instances the Congress has gone so far as to legislate the ini
tial deployment dates for new systems as part of the Appropriations Act. In doing 
so the dates are law . It is not yet clear what the exact liability may be for 
managers of those programs should they fail to meet the prescribed 
dates-especially in instances where the Congress subsequently cut their 
budgets-but it is clear that this has not significantly reduced the stress within the 
acquisition process. 

The dilemma faced by those involved in the acquisition process can be 
typified by the difficulty of complying with both Law Number VIII and the law 
discussed in the previous section, Law XXII , simultaneously. The first of these 
laws ordains that the cost of hardware (e .g., airplanes) increases rapidly with 
time. To comply with this stringent requirement in the time period when there 
will be no additional space or weight left in an airplane (since the entire volume 
will, according to Law XXII, be filled with electronics) places severe demands on 
a designer. Optimally, what is needed is something that can be added to airplanes 
and other systems which weighs nothing, yet is very costly, and violates none of 
the physical laws of the universe, such as the law of gravitation or the laws of 
thermodynamics. 

This might appear to be an insurmountable challenge; however, as a result of 
the traditional ingenuity characteristic of system designers, it can be reported 
with confidence that such an ingredient has already been found. 

It is called-software. 
A principal property of software, the phantom of modern technology, can be 

seen in Figure 28, which illustrates the trend toward ever-increasing quantities of 
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FIGURE 28 

Trends in Software Growth 
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software in any given family of systems. 8 

There are, in fact , three separate growth modes evidenced by software. The 
first two of these are from generation-to-generation of new items of equipment 
(from an F-4 aircraft to an F-14) and from version-to-version of a given item of 
equipment (Titan I to Titan II to Titan III). The third growth mode, an internal 
growth mode, reflects the increase in quantity of software from the time the given 

8 . The groupings of the data shown in Figure 28 into the categories of unmanned and manned 
systems is interesting, but is most likely a figment of the rather modest data base available with which 
to treat this topic, although there can be little doubt of the reality of the growth trend within a given 
class. 
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job is initially scoped until it has actually been completed. This is often the most 
exasperating mode of software growth. It has been accurately stated that if you 
automate a mess, you get an automated mess . Figure 28 addresses the former two 
modes and suggests a growth rate on the order of a factor of 10 every 10 years .9 

Law Number XXIII, the Law of the Piranha Principle, is derived from 
evidence such as that shown in Figure 28, with a strong degree of the encourage
ment from empirical evidence on the internal mode of growth, and is stated as 
follows : 

XXIII: 	 Software is like entropy. It is difficult to grasp, weighs nothing, and 
obeys the Second Law of Thermodynamics; i.e., it always increases. 

Large-scale use of software can probably be traced back to the SAGE (semi
automatic ground environment) air defense system of the late 1950s, which was 
implemented using computers comprising 58,000 vacuum tubes and consuming 
1.5 megawatts of power. The real-time operating program for this computer con
tained about 100, 000 instructions (backed by support programs of 112 million in
structions). A subsequent ballistic missile defense system, Safeguard, contained 
2.2 million instructions, of which 735,000 were real time, illustrating, once again, 
the growth propensity inherent to software. There are those who would suggest 
that the contribution of such degrees of complexity will be excelled only by the 
projected advent of the WOM, the write-only-memory. 

Various studies have been conducted which suggest that over the last 25 years 
the hardware/ software portions of the cost of major systems are shifting from an 
initial80/20 hardware / software ratio to a ratio approaching 20/ 80 in the decade 
ahead . It can be safely reported that the problems encountered in development 
programs have managed to stay abreast of this trend. 

Actually, software exhibits many of the same properties as hardware. It is 
subject to human error (typically one error per 100 source lines of code) , "reliabil 
ity" problems, and high penalties for failure to discover problems early in the 
development effort. Barry Boehm of TRW has collected data which show the cost 
of correcting software errors at various points in a development adivity relative 
to the cost incurred if the error is discovered in the coding phase. The cost is a fac
tor of 5 greater when not discovered until the acceptance test phase and a factor 
of 15 greater when uncovered in the operational phase. It is left to Weinberg's 
Second Law to observe that if builders built buildings the way programmers write 
programs, then the first woodpecker that came along would destroy civilization!. 

9. The author is indebted to Stephen L. Copps for h is assistance in collecting the data presented in 
Figure 28. 
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A classic example of the perversity of software was encountered in the 
Mariner program when on the Mariner 1 flight the lack of a single dash over a 
symbol in a little-used routine (the guidance module for failed doppler radar) 
resulted in a multimillion-dollar spacecraft striking out on its own to explore the 
distant universe instead of observing Venus as its human masters had intended. 
But if software is perverse, it is not without some redeeming virtues. The next 
Mariner flight was saved when the same set of equations (with the dash safely in 
place) managed to keep Mariner 2 on target in spite of an uncontrollable roll in 
the launch vehicle which caused loss of ground contact 75 miles before full lock 
was re-established. 

But if the state-of-the-art in managing software development is in some 
respects primitive, the acronymical language used to cloud the art from those 
managers necessarily thrust onto the periphery of such activity has reached a high 
degree of maturity indeed. This language is laced with a veritable core-dump of 
bauds, bits, and bytes, MIPS, MOPS, and BOPS. In fact, the highest order of 
acronymical language thus far in use appears to have been created by software 
specialists working on command and control systems-thus effectively thwarting 
all those senior executives who may have had the audacity to think it was their 
role to command, or perhaps even to control. But the unquestioned greatest 
semantical contribution of the software art is the term originally coined to 
describe one million floating point operations but which can be seen herein to 
have much broader applicability in describing entire programs-or even entire 
groups of programs-i.e., the "megaflop." II 




